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Water & Sewage Works Presents Its 1957-58 R & D Number 


This is 24th annual 
reference and data section of 


Water & Sewage Works. 


The 1957-58 Number 
is issued with the continued 
intent of the publisher and the editors 


to produce a useful reference and information work. 


Each Reference and Data Number 

is a handbook divided into ten sections which cover management, main- 
tenance, operation, and engineering fundamentals in the field of 
water and sewage works practices. Each year, the "handbook" is 
revised and updated with new articles and reference material 


published during the preceding year. 


Fundamental Articles 

of lasting interest and usefulness are reprinted 

in the Reference and Data Numbers at intervals of two 

to three years. This practice is followed to provide new 
subscribers with basic material for their libraries. 

It is suggested, therefore, that subscribers retain the last 


three Reference and Data Numbers in order to have a 


complete reference work on the subject of water and sewage works. 


All subscribers 


to Water & Sewage Works receive the Reference and 


Data Numbers without extra charge. 


TABLE OF CONTENTS appears on page R-2 
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I. INTRODUCTION 


ryy HERE ARE a number of valid 
l reasons for covering the subject 
ot water and sewage works practices 
in the same volume. That this is true 
is evidenced by the increasing trend 
of municipalities to place the manage- 
ment of both water and sewage fa- 
cilities in one department or under one 
man. Latest figures developed from a 
survey of all the states shows that 
in average of nearly 65 per cent of 
the communities follow this practice. 

Among the factors common to both 
water and sewage are hydraulics, 
physical and chemical treatment prob- 
lems, and colloidal properties of water. 
Sewage is the used water supply of 
a community and the management of 
both are municipal functions, except 
in a few instances. 

Because of this 
and sewage treatment, it is both pos- 
sible and desirable to adopt the format 
and outline used in this reference 
work. 

In the management of both water 
and sewage facilities, there are similar 
problems of financing, office manage- 
ment, public relations, policy and safe- 


“oneness of water 


ty 


Functional Operations 

In this reference text, the following 
subjects are treated as common to 
both water and sewage and are there- 
fore considered as functional opera- 
tions: Pumping, electricity, flow 
measurement, instrumentation and 
control, chemical handling and feed- 
ing, coagulation, sedimentation, cor- 
rosion control, laboratory control and 
maintenance. 

There are any other phases of water 
ind sewage works practices that have 
elements of similarity and oneness. 
lor example, water works have dis- 
tribution systems while sewage works 
have collection systems. Treatment of 
water and sewage often involves the 
same approach, as for example in 
chlorination. The detailed operations 
of water and sewage works, however, 
often have enough different factors in- 
volved that it appears desirable to 
treat these details separately. This is 
done in this text to the extent neces- 
use of this reference 


sary fe ir best 


wi rk. 


Water Works Operations 

All water supply problems begin 
with the source of supply and source 
of supply involves the hydrologic cycle 
including evaporation, precipitation, 
transpiration, runoff and, of course, 
storage both on the surface and in 
ground water aquifers. 

Distribution of water supplies in- 


cludes not only the network of pipes 
throughout a community but also 
elevated storage, valves, hydrants, 
house services, metering and such op- 
eration problems as main laying and 
cleaning, loss of carrying capacity, 
pressure, etc. 

The treatment of water will depend 
on its source (ground or surface) and 
its chemical content. Surface supplies 
usually will require sedimentation and 
chlorination as a minimum. If the sur- 
face water supply is turbid or colored, 
coagulation and filtration may also be 
required ; and if tastes and odors are 
present, their removal is desirable. 
Surface waters may also be subject 
to softening and iron and manganese 
removal. Ground waters may be hard 
and thus require softening; they 
usually do not require filtration or 
coagulation and sedimentation unless 
iron and manganese removal is neces- 
sary. Tastes and odors seldom occur 
in ground waters. Miscellaneous water 
works operations include fluoridation 
among others. 


Sewage Works Operations 

While water work operations have 
problems of sources of supply, sewage 
works have a similar problem of ef- 
fect of the waste on the receiving body 
of water. Stream pollution is impor- 
tant, therefore, particularly if the 
treated sewage reaches a body of 
water which serves as a water supply 
source. 

Sewage treatment involves four 
basic processes: primary treatment, 
secondary treatment, disinfection, and 
solids disposal. Primary treatment 
deals with the removal by mechan- 
ical or physical means of suspended 
matter in the sewage. Secondary 
treatment is a biological oxidation (or 
wet burning) process for the stabiliza- 
tion of dissolved and colloidal organic 
matter. Disinfection is employed to 
destroy disease producing and harm- 
ful bacteria. 

The disposal of solids is a highly 
important factor in sewage treatment. 
Methods of disposal may consist of 
digestion and dewatering followed by 
drying or incineration. Drying may 
be on open beds or in furnaces. Ul- 
timate disposal of the final solids left 
after treatment may involve filling low 
areas, barging to sea, or use as a soil 
conditioner depending on the treat- 
ment. All of these approaches to the 
problem are dealt with in this book. 


Industrial Wastes 

Today the subject of industrial 
wastes has become so broad and so 
important that it is a field of its own 


although still allied to water and sew- 
age treatment. The problem of indus- 
trial wastes is particularly important 
to municipal sewage treatment when 
these wastes are discharged to city 
sewers for treatment with the mu- 
nicipal sewage. How to treat such 
wastes and how to charge industry 
for such treatment is quite important 
to municipalities. 


Design and Construction 


Almost without exception, every 
municipality has an interest in the 
problem of design and construction 
of both water and sewage facilities. 
Without doubt, the proper design of 
facilities must take into consideration 
the problems of operation, mainten- 
ance and safety. 

Construction likewise is important 
to municipal officials and superinten- 
dents of both water and sewage 
works. Whether or not to own or 
rent equipment for laying mains or 
sewers or to hire the work done by 
contract is a decision important to 
the efficient operation of these works. 
For that reason current articles of 
basic import to this subject are in 
cluded in the Reference & Data Num- 
bers. 


Engineering Fundamentals 


Among the engineering funda- 
mentals of importance to both water 
and sewage works are chemistry and 
bacteriology, hydraulics and mathe- 
matics. For this reason these “hand- 
books” published as an extra number 
of Water & Sewage Works include 
articles, diagrams, tables, and data of 
a basic importance to this field. 


Bulletins and Catalogs 

There is one thing that every per- 
son needs in the field of water sup- 
ply and sewage disposal. That is in- 
formation on where to find equipment 
and services that will perform a job 
or function desired. Such information 
is, of course, contained in the bulletins 
and catalogs which equipment man- 
ufacturers issue. 

In order to inform the reader of 
where he can obtain this information, 
as well as what is available, these Ref- 
erence & Data Numbers include a sec- 
tion which contains brief summaries 
of such bulletins and catalogs. 

For the aid of the reader a card is 
included by which he can easily re 
quest any number of these bulletins 
or catalogs. In this manner it is in- 
tended to increase the usefulness of 
this Reference & Data Number of 
Water & Sewage W orks. 
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Directory of State and Interstate 
Water Pollution 


Alabama 
Arthur N. Beck, Technical Secretary 
Water Improvement Commission 
State Department of Health 
Montgomery 4, Alabama 


Alaska 
Dr. Charles R. Hayman 
Acting Commissioner of Health 
Alaska Department of Health 
Juneau, Alaska 


Arizona 
Salsbury, 
Commissioner 

Dept. of Health 


Phoenix, Arizona 


Dr. Charles G 


State 


Arkonsas 
Kellogg, Executive Secretary 
Pollution Control Commission 
Board of Health 
Rock, Arkansas 


State 


Little 


California 
Paul R 
Executive Officer 
te Water Pollution Control Bd 
Capitol Avenue, Room 610 
ramento 14, California 


Bonderson, 


Colorado 

Executive Director 
of Public Health 
Office Bldg 


Colorado 


I Cleere 
Dept 
i State 


Denver 


Connecticut 
Wi am S. Wise, Director 
ate Water Commission 
Hartford, Connecticut 
Delaware 
Dr. Donald K. Harmeson 
Executive Officer 
Water Pollution Commission 
Delaware 


Dover 


District of Columbia 
Dr. Daniel L. Finucane 
Director of Public Health 
ect of Columbia Dept. of 
Public Health 
Washington 1, D. C. 


Florida 
Dr. Wilson T. Sowder 
Health Officer 
State Board of Health 
Florida 


State 
Jacksonville 1, 


Georgia 
Dr. T. F. Sellers, Director 
Dept. of Public Health 
Atlanta Georgia 


Howoaii 
Dr. Richard K. C. Lee 
President, Board of Health 
ory of Hawaii Dept. of Health 
Honolulu 1, Hawaii 


Idaho 
Dr. L. J. Peterson 
Director of Health 
tate oard of Health 


Boise, Idaho 


Mlinois 
Technical Secretary 
Water Board 
of Public Health 
Springfield, Illinois 


W. Klasser 
Sanitary 


Dept 


Indiana 
‘oole, Technical Secretary 
Pollution and Control Board 
toard of Health 
7, Indiana 


State 


Indianapolis 


lowa 
Edmund G. Zimmerer 
tate Commissioner of Healt 
State Dept. of Health 
Des Moines 19, lowa 


Kansas 
Dr. Thomas RK. Hood 
Executive Secretary 
State Board of Health 
Topeka, Kansas 
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Kentucky 
Louis F. Bierkel, Executive Director 
Water Pollution Control Commission 
State Dept. of Health 
Louisville 2, Kentucky 


Louisiana 
Kenneth E. Biglane, Exec. Secy. 
Stream Control Commission 
Box 9055, University Station 
Baton Rouge 3, Louisiana 


Maine 
Dr. Dean H. Fisher, Secretary 
Water Improvement Commission 
c/o Dept. of Health and Welfare 
Augusta, Maine 


Maryland 
Paul W. McKee, Director 
Water Pollution Control Commission 
2114 North Charles Street 
Baltimore 18, Maryland 


Massachusetts 
Dr. Samuel B. Kirkwood 
Commissioner of Public Health 
Dept. of Public Health 
Boston 33, Massachusetts 


Michigan 
Milton P. Adams 
Executive Secretary 
Water Resources Commission 
Lansing 1, Michigan 


Minnesota 
Dr. R. N. Barr, Secretary 
Water Pollution Control Commission 
Dept. of Health 
Campus, University of Minnesota 
Minneapolis 14, Minnesota 


Mississippi 
Dr. Felix J. Underwood 
Executive Officer 
State Board of Health 
Jackson 5, Mississippi 
Missouri 
Dr. James R. Amos 
Director of Health 
Division of Health 
Dept. of Public Health & Welfare 
Jefferson City, Missouri 


Montana 
Dr. Paul R. Ensign 
Act. Executive Officer 
State Board of Health 
Helena, Montana 


Nebraska 
Dr. E. A. Rogers 
Director of Health 
Dept. of Health 
Lincoln 9, Nebraska 


Nevada 
W. W. White, Director 
Div. of Public Health Engineering 
State Dept. of Health 
325 West Street 
Reno, Nevada 


New Hompshire 
William A. Healy 
Technica! Secretary 
Water Pollution Commission 
Concord, New Hampshire 


New Jersey 
Dr. Daniel Bergsma 
State Commissioner of Health 
State Dept. of Health 
Trenton 7, New Jersey 


New Mexico 
Dr. Stanley J. Leland 
State Dir. of Public Health 
Dept. of Publie Health 
Santa Fe, New Mexico 
New York 
A. F. Dappert Exec. Secy. 
N. Y. State Wat. Poll. Cont. Bd. 


State Dept. of Health 
Albany 1, New York 
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No. Carolina 
E. C. Hubbard, 
Executive Secretary 
State Stream Sanitation Committee 
State Board of Health 
Raleigh, North Carolina 


No. Dakota 
Jerome H. Svore 
Director of Public Health 
State Department of Health 
Bismarck, North Dakota 


Ohio 
Ceorge A. Hall, Secy. 
State Water Poll. Cont. Bd. 
Dept. of Health 
Columbus 15, Ohio 


Oklahoma 
Dr. G. F. Mathews 
Commissioner of Health 
State Dept. of Health 
3400 North Eastern 
Oklahoma City 5, Oklahoma 


Oregon 
Dr. Harold M. Erickson 
State Health Officer 
State Board of Health 
Portland 5, Oregon 


Pennsylvania 
Dr. Berwyn F. Mattison, Chmn. 
Sanitary Water Board 
Department of Health 
Harrisburg, Pennsylvania 


Puerto Rico 
Dr. Juan A. Pons 
Secretary of Health 
Department of Health 
San Juan 18, Puerto Rico 


Rhode Island 
Dr. Edward A. McLaughlin 
Director of Health 
Department of Health 
Providence 2, Rhode Island 


So. Carolina 
W. T. Linton, Executive Secretary 
Water Pollution Control Auth. 
State Board of Health 
Columbia, South Carolina 


So. Dakota 
Charles E. Car! 
Secretary & Executive Officer 
Committee on Water Pollution 
State Dept. of Health 
Pierre, South Dakota 


Tennessee 
Julian R. Fleming 
Executive Secretary 
Stream Pollution Control Board 
Department of Public Health 
Nashville 3, Tennessee 


Texas 
Dr. Henry A. Holle 
State Health Officer 
State Dept. of Health 
»10 E. Fifth Street 
Austin 1, Texas 


Utah 
Lynn M. Thatcher, Exec. Secy. 
Water Poll. Cont. Board 
130 State Capitol Bidg. 
Salt Lake City 1, Utah 


Vermont 
Rheinhold W. Thieme, Commissioner 
State Water Conservation Board 
Montpelier, Vermont 


Virginio 
\. H. Paessler, Executive Secretary 
State Water Control Board 
415 W. Franklin Street 
Richmond 20, Virginia 


Virgin Islands 
Dr. Erie L. O'Neal 
Commissioner of Health 
Department of Health 
Charlotte Amalie, Virgin Islands 


Washington 
E. F. Eldridge, Director 
Pollution Control Commission 
408 Old Capitol Bldg. 
Olympia, Washington 


W. Virginia 
John W. Lester, Exec. Secy. 
State Water Commission 
Charleston 1, West Virginia 


Wisconsin 
Theodore F. Wisniewski, Director 
Committee on Water Pollution 
State Office Building 
Madison 2, Wisconsin 


Wyoming 
Dr. Franklin D. Yoder 
Director of Public Health 
State Dept. of Public Health 
Cheyenne, Wyoming 


Interstate Agencies 


Atlantic States 
Wayne D. Heydecker, Sec.-Treas. 
Atlantic States Marine 
Fisheries Comm. 
22 West First Street 
Mt. Vernon, New York 


Tri-State Comm. 

H. L. Walster, Chairman 
Tri-State Water Comm. 
North Dakota Agricultural College 
Fargo, North Dakoa 


Ohio River 


Edward J. Cleary 
Exec. Dir. & Ch. Engr. 
Ohio River Valley Water 
Sanitation Comm. 
414 Walnut Street 
Cincinnati 2, Ohio 


New Engoind 
Joseph C. Knox, Secretary 
New England Interstate Water 
Pollution Control Comm. 
72 Tremont Street 
Boston 8, Massachusetts 


N. Y., N. J., Conn. 


Seth G. Hess 
Director and Ch. Engr. 
Interstate Sanitation Comm. 
110 Wiliam Street 
New York 7, New York 


Potomac River 
Ellis S. Tisdale, Director 
Interstate Commission on 
The Potomac River Basin 
203 Transportation Bldg. 
Washington 6, D. C. 


Delawore River 
James H. Allen, Exec. Secretary 
Interstate Commission on 
the Delaware River Basin 
Broad Street Station Bldg. 
Philadelphia 3, Pennsylvania 


Bi-State Agency 
Lief J. Sverdrup, Chairman 
Bi-State Development Agency 
915 Olive Street 
St. Louis 1, Missouri 


Gulf States 
W. Dudley Gunn, Sec.-Treas. 
Gulf States Maine Fisheries Comm. 
312 Audubon Bldg. 
New Orleans, Louisiana 


Pacific Comm. 
Robert L. Jones, Chairman 
Pacific Marine Fisheries Comm. 
340 State Office Bldg. 
1400 S. W. Fifth Avenue 
Portland, Oregon 





Directory of State, 


Territorial Sanitary Engineers 


U. S. Public Health Service Field Offices 


Alabama 
A. N. Beck 
Chief Engineer & Director 
Bureau of Sanitation 
State Dept. of Public Health 
Montgomery 4, Alabama 


Alaska 
A. J. Alter, Chief 
Div. of Sanitation & Engrg 
Territorial Dept. of Health 
Juneau, Alaska 


Arizona 
G. W. Marx, Director 
Bureau of Sanitation 
State Dept. of Health 
Phoenix, Arizona 


Arkansas 
G. T. Kellogg, Director 
Bureau of San. Engrg. 
State Board of Health 
Little Rock, Arkansas 


California 
E. A. Reinke, Chief 
Bureau of San. Engrg 
State Dept. of Public Health 
Berkeley, California 


Colorado 
W. N. Gahr, Director 
Div. of Sanitation 
State Dept. of Public Health 
Public Health Bldg 
1422 Grant Street 
Denver, Colorado 


Connecticut 
W. J. Seott, Director 
Sanitary Engrg. Sect 
State Dept. of Health 
Hartford, Connecticut 


Delaware 
D. K. Harmeson, Director 
Div. of Sanitary Engrg 
State Board of Health 
Dover, Delaware 


Florida 
D. B. Lee, Director 
Bureau of Sanitary Engrg. 
State Board of Health 
Jacksonville 1, Florida 


Georgia 
W. H. Weir, Director 
Div. Water Poll. Cont 
State Dept. of Public Health 
Atlanta 3, Georgia 


Hewaii 
B. J. MeMorrow, Director 
Div. of Sanitatior 
Territorial Dept. of Health 
Honolulu 1, Hawaii 


Idaho 
Vaughn Anderson, Director 
Div. of Env. Sanitation 
State Dept. of Public Health 
toise, Idaho 


Iinois 
W. Klassen, Deputy Director 
Div. of Sanitary Engrg 
State Dept. of Public Health 
Springfield, Illinois 


Indiana 
B. A. Poole, Director 
Bureau of Env. Sanitation 
State Board of Health 
Indianapolis, Indiana 


lowa 
P. J. Houser, Director 
Div. of Public Health Engrg 
State Dept. of Health 
Des Moines, Iowa 


Kansas 
D. F. Metzler, Director 
Division of Sanitation 
State Board of Health 
Lawrence, Kansas 


Kentucky 
R. C. Pickard, Director 
Div. of Engrg 
State Dept. of Health 
Louisville 2, Kentucky 


Louisiana 
J. E. Tryge, Director 
Div. of Public Health Engrg. 
State Dept. of Health 
New Orleans 7, Louisiana 


Maine 
E. W. Campbell, Director 
Div. of Sanitary Engrg 
State Dept. of Health and Welfare 
Augusta, Maine 


Maryland 
George L. Hall, Chief 
Div. of Sanit. Engrg 
State Dept. of Health 
Baltimore 18, Maryland 


Massachusetts 
C. IL. Sterling, Jr., Dir 
Div. of Sanitary Enere. 
State Dept. of Public Health 
Boston 33, Massachusetts 


Michigan 
W. F. Shephard, Director 
Div. of Sanitary Engrg. 
State Dept. of Health 
Lansing 4, Michigan 


Minnesota 
F. L. Woodward, Director 
Div. of Env. Sanitation 
State Dept. of Health 
Minneapolis 14, Minnesota 


Mississippi 
J. E. Johnston, Director 
Div. of Sanitary Engrg. 
State Board of Health 
Jackson 13, Mississippi 


Missouri 
,. W. Happy, Jr., Director 
Bur. of Pub. Health Engrg. 
Div. of Health of Missouri 
Jefferson City, Missouri 


Montona 
C. W. Brinck, Director 
Div. of Env. Sanitation 
State Board of Health 
Helena, Montana 


Nebraska 
Tr. A. Filipi, Director 
Div. of Sanitation 
State Dept. of Health 
Lincoln 9, Nebraska 


Nevada 
W. W. White, Director 
Div. of Public Health Engrg 
State Dept. of Health 
$23 West Street 
Reno, Nevada 


New Hampshire 
W. A. Healy, Director 
Div. of Sanitary Engrg 
State Board of Heait! 
Concord, New Hampshire 


New Jersey 
4. H. Fletcher, Director 
Div. of Env. Sanitation 
State Dept. of Health 


Trenton 7, New Jersey 


New Mexico 
C. G. Caldwell, Chief 
Env. Sanitation Services 
State Dept. of Pub. Health 
Santa Fe, New Mexico 


New York 
Ear! Devendorf, Director 
Bureau of Env. Sanitation 
State Dept. of Health 
Albany 1, New York 


No. Carolina 
J. M. Jarrett, Director 
Div. of Sanitary Engrg 
State Board of Health 
Raleigh, North Carolina 


No. Dakota 
J. H. Svore, Chief 
Env. Sanitation Services 
State Dept. of Health 
Bismarck, North Dakota 


Ohio 
F. H. Waring, Chief 
Div. of Sanitary Engrg 
State Dept. of Health 
Columbus 15, Ohio 


Oklahoma 
H. L. Malone, Act. Director 
Div. of Sanitary Engrg 
State Dept. of Health 
Oklahoma City 5, Okla 


Oregon 
C. M. Everts, Jr., Director 
Div. of Sanitation & Engrg 
State Board of Health 
Portland 1, Oregon 


Pennsylvania 
Moses, Director 
of San. Engrg 

e Dept. of Health 


Harrisburg, Pennsylvania 


Puerto Rico 
Henry Rodriguez, Chief 
Bureau of Env. Sanitation 
Departmento de Salud 
San Juan, Puerto Rico 


Rhode Island 
W. J. Shea 
Public Health Engineer 
Div. of Sanitary Engrg. 
State Dept. of Health 
Providence 2, Rhode Island 
So. Carolina 
W. T. Linton, Chief 
Div. of Sanitary Engrg. 
State Board of Health 
Columbia 10, South Carolina 


So. Dakota 
C. E. Carl, Director 
Div. of Sanitary Engrg. 
State Dept. of Health 
Pierre, South Dakota 


Tennessee 
J. R. Fleming, Director 
Div. of Sanitary Engrg 
State Dept. of Public Healt! 
Nashville 3, Tennessec 


Texas 
V. M. Ehlers, Director 
Bureau of Sanitary Engrg 
Stace Dept. of Health 
Austin, Texas 


Utah 
C. N. Stutz, Director 
Div. of Sanit. Engr. 
State Dept. of Health 
Salt Lake City 1, Utah 


Vermont 
E. L. Tracy, Chief 
Bureau of Env. Sanitation 
State Dept. of Health 
Burlington, Vermont 
Virginia 
E. C. Meredith, Director 
Div. of Engineering 


State Dept. of Health 
Richmond 19, Virginia 


Washington 
E. C. Jensen, Chief 
Div. of Engre. & Sanitation 
State Dept. of Health 
Seattle 4, Washington 
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W. Virginia 
Director 
Div. of Sanitary Engrg. 
State Dept. of Health 
Charleston 5, West Virginia 


Wisconsin 
0. J. Muegge, Director 
Sec. of Env. Sanitation 
State Board of Health 
Madison 2, Wisconsin 


Wyoming 
A. E. Williamson, Director 
Div. of Env. Sanitation 
State Dept. of Public Health 
Cheyenne, Wyoming 


Public Health Service 
Field Offices 


Martin, Regional Engineer 
I Klashman 
Asst. Regional Engineer 
Water Supply and Water Pollution 
Control Activities 
Public Health Service 
42 Broadway 
New York 4, New York 


H. Atkins, Regional Engineer 
L. W. Gebhard 

Asst. Regional Engineer 

Water Supply and Water Pollution 
Control Activities 
Public Health Service 
700 East Jefferson Street 
Charlottesville, Virginia 


H. W. Chapman, Regional Engineer 
L. A. Young 
Asst. Regional Engineer 
Water Supply and Water Pollution 
Control Activities 
Public Health Service 
50 Seventh Street, N. E. 
Atlanta 23, Georgia 


D. W. Evans, Regional Engineer 
H. W. Poston, 
Asst. Regional Engineer 
Public Health Service 
19 West Washington Street 
Chicago 2, Illinois 


G. J. Hopkins, Regional Engineer 
L. B. Dworsky 
Asst. Regional Engineer 
Public Health Service 
911 Walnut Street 
Kansas City 6, Missouri 


Warkentin, Regional Engineer 
K. S. Krause 
Asst. Regional Engineer 
Water Supply and Water Pollution 
Control Activities 
Public Health Service 
1114 Commerce Street 
Dallas 2, Texas 


Edmund Garthe, Regional Engineer 
J. . Fooks 
Asst. Regional Engineer 
Public Health Service 
Nineteenth & Stout Streets 
Denver 2, Colorado 


R. W. Hart, Regional Engineer 
R. F. Poston 
Asst. Regional Engineer 
Water Supply and Water Pollution 
Control Activities 
Public Health Service 
147 Federal Office Building 
Civie Center 
San Francisco 2, California 
H. C. Clare, In Charge, 
Pacific Northwest Water Supply 
and Water Pollution 
Control Activities 
Public Health Service 
620 S /. Main 
Portland, Oregon 
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ONE HUNDRED 
BEST Water and Sewage BOOKS 


For Engineers, Chemists, and Plant Operators 


Compiled by 
HARRY A. FABER 





[his is a practical list of reference books for the 
vater and sewage field. It is based entirely upon 
the recommendations of engineers, chemists, and 
lant operators who use these books. 

The list was compiled by means of a question- 
aire which asked only “Will you provide a list of 
those water and sewage books which you find most 

More than seventy replies were received, 

| distributed over the United States and Canada. 

represent a good cross-section of water and 

operation, and control. 

ilso represent a wide range of selections: 

1 few books recommended by the operator of a 

treatment plant, to a large number recom 
ended by the director of a State laboratory. 

One hundred books receiving the highest num- 
ber of recommendations were selected as the basis 

the list. These were arranged in six classifica 


interests design, 





tions, and in each classification the book most fre- 
quently recommended was placed highest. 

Many of the replies recommended the AWWA 
and FSTIWA Journals as most useful “books.” Fre- 
quent mention was made of the R & D issue of this 
magazine, and also of the monthly issues of several 
technical magazines which serve the water and 
sewage field. 

It should be recognized that this list may not 
give a high recommendation to recently published 
water and sewage books, or may not list them at 
all. With the passage of time, newer books will cer- 
tainly find their place in a list of 100 best water 
and sewage books. 

Thanks are due to each engineer, chemist, and 
plant operator who contributed the time to prepare 
his personal list. 
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O WATER or sewage works 

builds and operates itself, no mat- 
ter how large or small or how auto- 
matic. This means that there must 
be property, financing, and contact 
with the public. It means that there 
must be operating personnel, super- 
vision and safety. In short, it means 
that every water or sewage works 
must meet the problems of manage- 
ment. This section is devoted to the 
subject of management and the prob- 
lems it entails: Financing, rate struc- 
tures, office operations, public rela- 
tions and policies, lands, legal 
decisions, and safety. 


Financing 


Water utilities may be private, pub- 
lic, or industrial. Sewage works are 
usually municipally owned. It doesn’t 
matter! All water and sewage utilities 
must be provided with finances for 
both capital expenditures and opera- 
tions. The particular financing pro- 
gram utilized depends on many fac- 
tors, as indicated in this outline. 

Capital Expenditure Financing-Gen- 
eral 
A. Municipal Owned Water Utility 
1. General Obligation Bonds 
2. Revenue Bonds 
3. Special Tax Assessments 
4. Surplus from Operation Rev- 
enues 
B. Privately Owned Utility 
1. Bonds 
2. Stocks 
3. Surplus from Operating Rev- 
enues 

Sewage Treatment Works 
General Obligation Bonds 
Sewer Revenue Bonds 
Sanitary District Bonds 
Capital Expenditures—Specific 
A. Extensions (Water or Sewer) 

1. Special Assessments 
2. Contracts with real estate de- 
velopers 
3. Surplus 
B. Metering Programs 
1. Bonds 
2. Special Assessments 
3. Surplus 
Operation Financing 
A. Municipal Water Utility 
1. Charge for service 
2. Tax funds 
B. Private Water Utility 
1. Charge for service 
Sewage Works 
1. Sewage service charge 
Tax funds 
Sanitary district tax levy 
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Rate Schedules 


There is no rate schedule problem 
in communities where funds for 
water and sewage works operations 
are provided out of tax levies. In 


MANAGEMENT 


other communities charges for water 
and/or sewage service are based, in 
varying degrees, on benefits received. 
Basically any rate for either water 
or sewage service must provide 
monies for: 

1. Operating Costs: Personnel, 
overhead, power, supplies, 
maintenance, insurance. 

2. Amortization of bonded indebt- 
edness. 

3. Surplus and Contingency. 

From simple to complex, the vari- 
ous rate structures for water are: 
(1) Flat rate per service per unit 
time; (2) Rate based on number of 
plumbing fixtures; (3) Rate based 
on measured volume of water used; 
(4) Sliding scale rate based on water 
used with standby or ready to serve 
charge plus special charges for fire 
service, etc.; (5) Combination tax 
and sliding scale meter rate. 

The simplest sewage service charge 
is a flat rate based on some unit of 
time, or of consumption, or of pro- 
duction in the case of industry. The 
simplest rate based on water con- 
sumption is some percentage of the 
water bill. In the case of industry 
more complex rates are based on 
quality as well as quantity of the 
waste; still more complicated rates 
are based on tax levy, water con- 
sumption and waste concentration. 


Office Operations 


A water or sewage works cannot 
operate and serve the public without 
an office of some sort, and every of- 
fice will find it necessary to maintain 
records of property, operation, serv- 
ice and finances. The number and 
type of records, and degree of detail 
will depend on the kind of water or 
sewage works, its size, number of 
people served, type of rate structure, 
treatment involved and other factors. 

In a water works, records are kept 
of distribution systems, meter instal- 
lations, valves, locations, personnel, 
operating expenses, income, com- 
plaints and service, volume pumped, 
non-revenue water, treatment opera- 
tions, etc. In sewage works, records 
are kept of sewers, manholes, over- 
flows, volume, treatment, income, ex 
penses, personnel. 

The record forms should be de 
signed to meet the needs of the util- 
ity. State hoards of health often pre- 
scribe the general form of treatment 
plant records. Standard business 
forms may be utilized in business 


operations or may be specially de- 
signed to fit specific business record 
machines. Engineering records, meter 
records, etc., usually fit the personal 
preference of the management. In 
large water systems, automatic busi- 
ness machines and record systems aid 
operations as does radio dispatching 
of service crews. 
Public Relations 

In the words of the Amer. Wat. 
Wks. Assn., “Silent Service is Not 
Enough.” Every water and sewage 
works supervisor and operation 
should make an effort to develop and 
improve good relations with the pub- 
lic being served. At the same time 
efforts should be made to keep the 
public conscious of the service it re- 
ceives. The establishment of sound 
operation and service policies is an 
essential part of good public rela- 
tions. The technical associations 
(AWWA and FSIWA) both foster 
the development of public relations 
programs. 


Lands and Laws 

All water and sewage works must 
own some land and must have rights 
of way for distribution systems or 
sewer lines. Some large surfaces sup- 
plies own many acres of land as res- 
ervoir sites and this land must be 
protected and managed. In some in- 
stances the reservoir drainage area 
may be farm land which can be 
profitably farmed in one way or an- 
other. 

With the owning of property, man- 
agement will have legal problems. 
There are laws regulating commis- 
sions, utilities and their operations, 
rates, etc. Legal restrictions exist re- 
garding stream pollution, delinquent 
accounts, cross connections, lines in 
highways, etc. There are few opera- 
tions in water and sewage works 
management that do not in some way 
involve legal problems. 


Safety 


Until the late 1940's, little serious 
attention was given to safety pro- 
grams in water and sewage works 
operations. As a result, the accident 
incidence and severity rate in water 
works was higher than in other in- 
dustries. More recently, the AWWA 
has developed a program to interest 
water works men. The FSIWA is 
also keenly interested in the problem 
and many articles have appeared in 
the technical press on the subject. 
W.&S.W. 
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Long Range Planning 


for Water Service’ 


Requires some revision in past thinking and 


a raising of sights, looking to realistic service. 
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A New Set of Issues 
to be Dealt With 


Today, however, we are confronted 
vith a new set of issues, which rep- 
resent the subject matter of this pa- 
per. The changes which create new 
or intensify old problems are those 
which we generally ascribe to metro- 
politan areas. The phenomena asso- 
ciated with the growth of the metro- 
politan areas are of relatively recent 
origin. They confront the developer 
of water service with issues broader 
in scope, wider in geographical cov- 
erage and more amorphous than pre- 
viously. The metropolitan areas like- 
wise represent a nationwide, rather 
than a local or regional, development. 
It is within this particular setting 
that the long range planning of water 
service is here discussed 


And, New Areas for Service 

In 1956 approximately 172 metro 
politan areas of well defined charac- 
teristics exist in continental United 
States. Some 42 states and the Dis- 
trict of Columbia are represented by 
such areas. Only the states of Idaho, 
Montana, Nevada, North Dakota, 
Vermont and Wyoming do not con- 
tain at least some areas within the 
current Census Bureau definition. 

More than half of the nation’s pop- 
ulation now lives in metropolitan 
areas. Something approaching 90,- 
000,000 people are thus accounted 
tor. 

Not all of these areas, of 
are enormous in size, although there 
are 33 of these which have popula- 
tions in excess of 500,000. The areas 
apparently are growing in acreage 
and in population and will undoubt- 
edly by 1960 account for over 100,- 
000.000 people. 


course, 


The significance of these figures 
lies in the fact that the country was 
generally unprepared to meet the util- 
ity requirements of such areas which 
spilled beyond the political units nor- 
mally geared to meet such require- 
ments. The unfortunate results of 
this lack of preparedness, not only 
in technology, but in administrative 
structure and finance, are a familiar 
story. 

Efforts to meet these growing 
problems, in relatively unfamiliar set- 
tings, have ranged all the way from 
the successful devices used for years 
in the Boston Metropolitan District 
and in the Washington Suburban 
Sanitary District to completely cha- 
otic and “hand-to-mouth” operations 
in most other metropolitan areas. In 
latter situation 
successfully 
careful advance thinking. As a result, 
the next quarter of a century will 
obviously show the necessity for ma- 


these cases, the has 


escaped the impact of 


jor reconstruction, considerable du- 
plication in expenditures or increas- 
ingly limited water service. 

Soth private and public workers 
in this field have defaulted in visual- 
izing realistically the nature of the 
problem or have been slow in activat- 
ing new solutions. The orthodox wa- 
ter planning, geared to restricted geo- 
graphical areas and to the considera- 
tions of earlier decades, has inhibited 
nore imaginative solutions. The tra- 
ditional political boundary has per- 
haps played an unfortunate part in 
restraining water whether 
publicly or privately owned, even 
though at the same time it has pro- 
vided many skillful technological aids. 
An awareness of these realities is a 


service, 





pre-requisite to solving problems 
which new and unexpected demands 
have posed. 


Guiding Principles 


It is not the purpose of this paper 


to present a check list of the items 
to be kept in mind in planning for 
water service. Such check lists have 


been authoritatively presented in the 


professional journals. Little needs to 
be added to them, since they afford 
excellent and detailed guide lines for 
the interested worker. 

The most useful contribution would 
be to discuss those guiding principles 
which must be militantly confronted, 
if we are to recover and to guarantee 
adequate water service in the metro- 
politan areas. These principles may 
be assumed to cover some five major 
areas, as follows: 
a) Technology 
(b) Administrative 

and Management 


Structure 


(c) Finance 
(d) Research 


(e) Legislation 


(a}—Technology. 


Although it may be stated with 
some assurance that the technological 
prospect of providing water service 
in metropolitan areas is the most op 
timistic, one should not lose sight of 
the fact that even in this particular 
function much remains to be done to 
diagnose and to expand the quality 
of water service. Perhaps one of the 
most critical features in this field is 
the rising evidence that the water 
works practitioner has too often neg- 
lected the complex problems of dis- 
tribution. The present emphasis on 
distribution diagnosis and design has 
its root in the same traditional adher- 
ence to more densely populated areas 
already referred to. If people had not 
elected in the last two decades to move 
in increasing numbers to broader and 
less dense areas and to properties 
with more lawn space, the orthodox 
water distribution design would have 
served without serious defects 

These suburban shifts in demand 
are the subject of a wide variety of 
diagnostic studies in many parts of 
the United States. They represent a 
growing recognition of the fact that 
the changing demands for water force 
a prompt and new evaluation as to 
how best to distribute it. The situa- 
tion obviously will not be met by be- 
moaning privately the extraordinary 
habits of the American people and by 
resisting to the last ditch their insist- 
ence to be allowed the use of water 
for purposes which they prefer and in 
amounts which they desire. 

The prime necessity in technology 


is an immediate evaluation of these 
requirements. At the same time the 
translation of these requirements into 
actual availability has always taken 
long. The author recently re- 
viewed the steps required to complete 
the construction of the Savage River 
Dam in the State of Maryland. The 
dam was designed to increase the low 
flow of the Potomac River for water 
supply and stream pollution abate- 
ment requirements. The proposal for 
this project was initiated prior to 
1931. Its development wandered 
through decades of fits and starts, 
several wars, a depression, minor fi 
nancial emergencies, international 
diplomatic battles, controls of materi- 
als and labor, and repeated efforts for 
the raising of additional moneys. 

In 1951, more than 20 years after 
the initiation of the idea, the dam was 
finished and ready for operation, with 
water actually being released to af- 
ford the benefits originally contem 
plated. 

The experience of New York City 
in the development of its additional 
water sources over the last quarter 
of the century is a further demonstra 
tion of the long time lag which has 
plagued the water works industry 
throughout its history. 

These delay s, of course, were not 
due to technological deficiencies, but 
aided and 


pr¢ cesses 


too 


to man-made obstacles, 

abetted by the snail-like 
which control most public practice 
throughout our history. It is unfor- 
tunate that many people now adopt 
the fatalistic attitude that nothing can 
be done to speed up the processes in 
water utility service in this country 
The time lag cannot be accepted for 
the forthcoming decades, since the 
problems are at our doors for imme 
diate rather than for deferred decision 
and action. 

In this respect, the technological 
issues and solutions may be used as 
the tools for speed rather than as the 
bases for delay. 


(b}—Administrative Structure 
and Management. 


Much too little consideration is still 
being given to the development of 
administrative devices designed to 
provide answers to the problem now 
confronting us. For the most part 
we still struggle with rural county 
administration to solve essentially 
urban utility problems. By and large, 
we still view the core municipality as 
the primary agent to restrict water 
service to surrounding areas. We still 
tacitly insist that the satellite areas 
design and install the water utilities 
on the most niggardly basis in order 
to keep within the philosophical scope 


R-11 


of the revenue bond. Almost without 
exception these practices result in in- 
adequacies of system and of service, 
in the piling up of problems for the 
future and in intensifying the general 
feud between the subdivider, the 
house owner, the county government 
and the water utility. 

Opportunities for the consolidation 
of service are great. Obstacles to such 
accomplishments are equally great. 
They stand, however, as challenges 
rather than as reasons for no action. 

There are, of course, excellent ex- 
amples of intelligent long range ap- 
proaches to satisfactory administra- 
tive practice. Some of these antedate 
by years the nature of the problems 
here described. One should remem- 
ber that some of the sanitary districts 
and authorities, operating successfully 
for decades, were created in the peri 
od from 1915 to 1925. They are mon 
uments to the imagination, vision and 
the long range planning instincts of 
distinguished engineers, administra- 
tors and political statesmen. 

In view of their existence, as well 
as of their success, it is disconcerting 
that the lessons to be learned from 
them have not been more widely ap- 
plied. 

The most perfect diagnosis and de- 
sign of a water utility in an expand- 
ing area is in a way fruitless, unless 
there also be an equivalent diligence 
in translating such a proposed system 
into an actuality by the creation of 
the agencies (if need be) which could 
accomplish such purposes. 


(c}—Finance. 


One of the major blocks to the 
provision of adequate service in most 
metropolitan areas is in the field of 
finance. Here again, the principles 
guiding us in the past, with some ex- 
ceptions, are not adapted to the re- 
quirements of the present and the fu- 
ture. In order to circumvent the prob- 
lems of tax limitations, the last few 
decades have been characterized by 
the ascendency of the revenue bond 
as the savior of the water works in- 
dustry. However, that it alone can- 
not save the industry should be ap- 
parent to any careful investigator of 
the metropolitan problem. 

The revenue bond rests upon the 
assumption that the user of water is 
naturally the sole base of payment 
for the system. This fundamental 
principle is more apparently valid 
than it is in reality. It was probably 
close to the truth when the new con 
sumer represented a small and lei- 
surely addition to the total body of 
consumers, when the system was 
compact in nature and in coverage, 
when the area was either static or 
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(d) —Research. 


One cannot speak of long range 
water service without 
a major emphasis upon the things 
which do not know. The range 
of opportunities for research and de- 
over 


fe Tr 


planning 
we 


velopment is great. It 
the entire spectrum, from automation 
to detailed analysis of the impact of 
the behavior of people upon water 
use, 

We have adhered too long to the 
assumption that our design should 
rest upon the fact that historically 
the ratio of the maximum day con- 
sumption to the average day should 
approximate 150 per cent. Man has a 
habit of deviating from the profes- 
sional’s rule 

The professional may elect to ignore 
man’s demands or he may adjust his 
diagnoses and his solutions to the in- 
evitable. The fantasy of planning for 
a water works expansion independent 
of and unrelated to the desires and 
habits of the public may be entertain- 
ing, but is certainly a fruitless effort. 

Research should point the way to 
how the long range determination of 
be used as a 


moves 


water works needs may 
guide for the design and redesign of 
systems and for their adequate fi- 
lancing and management. 


(e)—Legislation. 

If any of the guiding principles so 
briefly noted above are to find full 
implementation, major adjustments 
in legislation will be required in most 
parts of the United States. It is not 


asking too much that the water works 
practitioner should devote an increas- 
ing amount of time to the determina- 
tion of the kind of legislation so re- 
quired. He must, in addition, actually 
prepare or participate in the prepara- 
tion of such legislation. He must un- 
dertake to press for its passage, he 
must roam the halls of legislative as- 
semblies to advise, to persuade and 
to coerce the dev elopment of such leg- 
islative sanctions. 

It is not enough to bemoan the 
absence of such legislation or to point 
out that the engineer is not the logi- 
cal or appropriate agent for the stim- 
ulation of such enactments. 

Unless the engineer engages in 
such activities, the probability of crys- 
tallizing better practices and meeting 
the water demands of the future more 
promptly are exceedingly low. 


The Long Range Objective 

Water service of an adequate na- 
ture, at a reasonable price, is an at- 
tainable objective. 

If this has not yet been attained, 
it is only because the skilled workers 
in this field have not seen fit to define 
the objective, to delineate the prin- 
ciples which should control its imple- 
mentation, to devise the form of 
structure for administration and man- 
agement and to establish the fiscal 
principles which might safely and 
wisely provide the sinews for the 
project. 

All of these opportunities are at 
hand. Many of them have already 
been partly crystallized. 

What is lacking is the enunciation 
of the guiding principles in detail, 
their acceptance in fact and their 
translation militantly into reality. 
Such a prospect is an exciting one. 

If this paper has done nothing 
more than to press forward such un- 
dertakings, it will have accomplished 
its major purpose. 
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The Sewage Authority Approach To 


Stream Pollution Control i 


EW JERSEY municipalities and 

industries are spending a total of 
approximately $250 million in their 
current construction programs for 
sewage collection and treatment and 
industrial waste treatment. The word 
“current” is used in this instance to 
describe construction which has been 
completed within the last two years 
or which, in all probability, will be 
completed within the next three 
years. Sewerage authorities, relatively 
new instruments of government, are 
responsible for more than 50 per cent 
of the current construction program 
in New Jersey. 

The current construction program 
has reached its high level despite the 
fact that already there are more than 
400 treatment plants, including more 
than 100 industrial waste treatment 
plants, in the State. The impetus for 
the program is derived from 4 prin- 
cipal facets of the stream pollution 
control problem in New Jersey. 


Reasons for Program 

First, it is significant that more 
than 30 per cent of the sewage treat- 
ment plants in New Jersey were con- 
structed prior to 1920. More than 50 
per cent of the sewage treatment 
plants are more than 25 years old. 
Also, more than 50 per cent of the in- 
dustrial waste treatment plants are 
more than 15 years old. These statis- 
tics show that in the period following 
World War II New Jersey found it- 
self with a large number of over- 
loaded and antiquated sewage and 
industrial waste treatment plants. 

A second significant facet of the 
problem is population density of New 
Jersey, which is second only to that 
of Rhode Island. This condition has 
obliged the State Department of 
Health to require more intensified 
sewage treatment methods in loca- 
tions where lesser degrees of treat- 
ment formerly were considered ade- 
quate. 

A third significant facet, at least in 
terms of treatment plant numbers, has 
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been the widespread adoption of small 
“package” treatment plants and min- 
lature conventional plants to serve 
realty subdivisions, in and beyond 
the fringe areas. It has become a 
trend in the larger subdivisions in 
New Jersey to construct sanitary 
sewers and sewage treatment plants 
in preference to individual home sew- 
age disposal facilities. 

A fourth facet of the problem, and 
a phase of tremendous significance, 
has been the construction of treat- 
ment plants to discharge into inter- 
state waters. This phase of the pro- 
gram derived impetus from the Inter- 
state Commission on the Delaware 
River Basin, better known as Incodel, 
and from the Interstate Sanitation 
Commission operating in the New 
York City metropolitan area. Little 
progress was possible and little was 
accomplished in these interstate areas 
until Incodel and the Interstate San- 
itation Commission were established. 


Sewerage Authority Authorization 


In order to provide a concept of 
how sewerage authorities have fitted 
into the stream pollution control 
problem in New Jersey, a brief re- 
view of highlights of the general sew- 
erage authorities law of the State is 
necessary. It should be made clear 
that the term “sewerage authority” 
does not encompass such organiza- 
tions as the Passaic Valley Sewerage 
Commissions, or the many joint meet- 
ings which are operating in the sew- 
erage field in New Jersey. The latter 
agencies were predecessors to sewer- 
age authorities in this State. They 
were, within limits, endeavors of gov- 
ernment to accomplish some of the 
purposes of sewerage authorities. 

The general sewerage authorities 
law in New Jersey is known as Chap- 
ter 138 of the Laws of 1946. It was 
enacted to extend and implement the 
State policy established in 1899 to- 
ward relief of waters of New Jersey 
from pollution. The law seeks to ac- 
complish its purposes by authorizing 
the creation of sewerage authorities 
empowered to provide sewerage serv- 
ices at the expense of users without 


increasing the burden of general tax- 
ation. 

A sewerage authority is an agency 
of government representing one mu- 
nicipality or a part thereof, two or 
more contiguous municipalities, a 
county or a part thereof. Sewerage 
authorities are created by local, coun- 
ty or municipal government. When 
more than one municipality is in- 
volved, an authority is created by the 
concurrent action of the interested 
municipalities, or by the action of 
county government. Once created, 
sewerage authorities are empowered 
to operate as independent agencies of 
government. 

In the language of the law a sew- 
erage authority is a “public body poli- 
tic and corporate” constituting a po- 
litical subdivision of the State, estab- 
lished as an instrumentality exercis- 
ing public and essential governmen- 
tal functions to provide for the public 
health and welfare. An authority may 
sue and be sued. An authority may 


‘acquire. hold and use, and dispose of 


service charges or other revenues. It 
may acquire by purchase, gift, con- 
demnation or otherwise real property 
and easements necessary or useful for 
its purposes. It may provide for and 
secure the payment of any bonds and 
the rights of the holders thereof. It 
may enter into contracts for the pur- 
poses of the authority. 


Financial Details 


A sewerage authority is authorized 
to charge and collect rents, rates, fees 
or other charges usually referred to 
as service charges. The law estab- 
lishes limitations within which an au- 
thority must work in establishing rate 
schedules. The law requires that serv- 
ice charges be as nearly uniform as 
practicable throughout the district 
served for the same type and amount 
of service. The law also establishes 
various means for setting up rate 
schedules. 

The most significant provision of 
the law in relation to charges is the 
requirement that the revenues of a 
sewerage authority will at all times 
be adequate to pay all expenses of 
operation and maintenance of the sew- 
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we system including reserves, insur- 
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Political Considerations 


sewerage authorities law was 
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burden had 


limits 
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great, 
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and legal debt 
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municipalities; thus it 
ed advisable by fiscal authorities 


Was 


some means should be provided 

rr establishing, operating and main- 

taining sewerage facilities on a_ fiscal 

basis independent of other local gov- 
ernment services. 

Obviously there also were political 
implications involved. During the late 
1930’s and early 1940's the State De- 
partment of Health in New Jersey 
was very active in exercising its police 
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powers in stream pollution control. It 
was during the latter part of this pe- 
riod that activity was started in the 
interstate area. Actions brought by 
the State Department of Health and 
the interstate agencies obligated lo- 
cal government and industry, immedi- 
ately after World War II, to proceed 
with the design and construction of 
adequate sewage and industrial waste 
treatment facilities. 

In some areas of the State, joint 
action by local governments and in- 
dustry was indicated. Such joint ac- 
tion involved from 2 to 50 or more 
municipalities in various situations. 
This obviously led to political prob- 
lems and furthered consideration of 
legislation such as the Sewerage Au- 
thorities Law. It is generally recog- 
nized by those familiar with joint ac- 
tion by local governments, that diffi- 
culties are encountered in securing 
concurrent action for joint municipal 
projects. Obviously the problem be- 
comes much greater as the number 
of municipalities involved increases. 
The Sewerage Authorities Law was 
designed to facilitate operation in such 
joint action. Once created a sewerage 
authority is empowered to proceed 
with the solution of a sewerage prob- 
lem independent of the various local 
governments which may have been 
involved in its creation. 


New Jersey Experience 


What has been the New Jersey ex- 


perience with sewerage authorities? 
Have they been a success? Are they a 
good idea? Will they endure? It is 
too early, undoubtedly, to provide 
conclusive answers to all these ques- 
however, 


tions. Some indications, 
seem clear from brief experience. 

There are approximately 30 sewer- 
age authorities operating in New Jer- 
sey today. The majority of these au- 
thorities represent one municipality or 
a part thereof. Others represent sev- 
eral municipalities, or large segments 
of whole counties involving 50 or 
more municipalities. There has been 
but one instance of the abandonment 
of a sewerage authority, and this was 
in one of the smaller municipalities 
of the State. 

\s indicated earlier, sewerage au- 
thorities have been successful in in- 
stituting within only a few years sew- 
erage construction in New Jersey 
costing more than $125 million. Much 
of this progress has been made possi- 
ble because of the facility of a sew- 
erage authority in accomplishing its 
ends with a minimum of political in- 


terference and a minimum of red tape. 
The Sewerage Authorities Law has 
made it possible for truly interested 
local citizens to accomplish sewerage 
projects in a relatively short time. It 
might also be said that the law has 
made it possible for elected local offi- 
cials to relieve themselves of many 
of the burdens involved in sewerage 
projects, by delegating the work to 
another agency. 

Nothing has been accomplished by 
sewerage authorities that could not 
have been accomplished by established 
local government. The question of im- 
portance is, would local government 
have done the job? The New Jersey 
experience indicates that local govern- 
ment might ultimately have done the 
same job, but undoubtedly many more 
years would have been required to 
accomplish it. 

The case against sewerage authori- 
ties to date appears to be somewhat as 
follows: 

1. Sewerage authorities represent 
an undue delegation of authority to a 
relatively independent agency, and to 
some degree represent a departure 
from strictly democratic government. 

2. Sewerage authorities can be and 
in some instances undoubtedly have 
been expensive. The interest rate on 
sewerage authority bonds sometimes 
may be higher than would have pre- 
vailed in the instance of municipal 
financing, because of the fact that the 
credit of the municipality or other 
local government unit is not involved 
in authority bond issues. 

3. Sewerage authorities may deny 
the extension of their services if they 
believe such extension to be econom- 
ically unsound, even though it might 
be indicated as desirable for the gen- 
eral welfare. 

Whether or not sewerage authori- 
ties endure probably depends primari- 
ly upon the qualifications of the mem 
bership of authorities, and the mem- 
bers’s determination to manage sewer- 
age facilities in a business-like man- 
ner. There are some who believe that 
it is only a matter of time before ap- 
pointment to a sewerage authority 
will be dependent solely on one’s po- 
litical loyalty. If this situation should 
develop, a short life must be antici- 
pated for the sewerage authority 
movement. Fortunately, there is to 
date much indication of active inter- 
est in sewerage authorities by citizens 
of the highest calibre. If this situa- 
tion prevails there is no reason to 
doubt that the sewerage authority 
movement will continue to be a real 
success in New Jersey. 





Rates, Revenues, and Rising Costs” 


Partner 


W ATER rates are essentially a 

means of allocating revenue re- 
quirements equitably to all classes of 
consumers. This discussion deals pri- 
marily with revenues rather than 
rates. 

Every water utility, if it is to fur- 
nish good service must have sufficient 
revenue to cover [1] all operation and 
maintenance expenses; [2] deprecia- 
tion; and [3] fixed charges (or re- 
turn on investment). In addition, it 
must earn a surplus large enough to 
attract the capital necessary for its 
orderly expansion. The costs of opera- 
tion and maintenance are in general 
identical for both privately and muni- 
cipally owned water works, assuming 
equally efficient management. De- 
preciation likewise occurs without re 
gard for ownership, and must be pro- 
vided for as an annual operating ex- 
pense chargeable to those using the 
facilities. The amount of depreciation 
charged annually should be at least 
sufficient to maintain the facilities, Al- 
though it rarely does so under regula- 
tory commission control, it should 
also take into consideration the chang- 
ing purchasing value of the dollar. 
Regulatory commissions now general- 
ly allow 1.5-2.0 per cent of original 
cost for annual depreciation in fixing 
rates for private water works. This is 
approximately equivalent to 0.75-1.0 
per cent of the actual current cost of 
reproduction. Because it is facilities 
rather than dollars that furnish water 
service, it is facilities that are consum- 
ed and must be replaced when worn 
out: obviously, they can ony be re- 
placed with current dollars. Accrual 
of depreciation in amounts sufficient 
only to repay original costs results in 
1 situation in which future customers 
must pay part of the cost of present 
water consumption. 

\ study made by the author some 
vears ago disclosed that municipal 
plants which charge depreciation al- 
lowances in their operating statements 
use substantially higher percentages 
than those fixed by commissions for 
private utilities. The money thus ac- 
cumulated is generally used for new 
construction. This procedure is be- 
lieved to be in the customers’ interest. 

The significance of fixed charges 
to private and public owership differs. 
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The privately operated plant must se- 
cure through rates an amount suffi- 
cient to earn a fair return upon the fair 
value of the property; otherwise, it 
cannot continue to attract capital in 
competition with other industries. 
Usually in private operation the state 
regulatory commissions do not permit 
more than 60-67 per cent of the capi- 
talization to be in bonds. The earnings 
in excess of fixed charges are subject 
to federal income tax at 52 per cent, 
a charge from which the municipal 
plant is exempt. 

Interest rates of 
municipal plants are also ordinarily 
lower because of the fact that income 
from municipal securities is usually 
exempt from federal taxation, and fre- 
quently from state taxation as well. In 
many states nothing is paid by munic 
ipal utilities in lieu of property taxes 
which would be paid by privately 
owned water works. 

3oth privately and municipally 
owned water works must earn a sub- 
stantial surplus beyond the fixed- 
charge requirements. To make mu- 
nicipal water revenue bonds an attrac- 
tive investment their annual earnings 
available for debt service should equal 
30-50 per cent more than the annual 
requirements of interest and amortiza- 
tion. This is also true of the securities 
of private companies. 


on indebtedness 


Rates Beyond City Limits 


In municipal plants, the customers 
are themselves the stockholders and, 
as such, entitled to water “at cost’”— 
including in the cost proper provi- 
sion for financing growth. When all 
or a part of the investment has been 
retired from earnings, it is the author’s 
belief that rates within the city limits 
should include only such fixed charges 
as are actually paid for interest and 
amortization on the remaining dept. 

Concerning water sold outside the 
corporate limits, however, it is be- 
lieved that municipal plants should 
base rates upon operation as a utility. 
Such service should yield a reasonable 
return on the value of the facilities. 
In a number of cases in which outside 
rates have been computed at fair re- 
turn on fair value, the outside cus- 
tomers have been charged at rates 50 
75 per cent higher than those within 
the corporate limits. 


cag 


mF 


Changing Revenue Requirements 


No water works is static, even 
though it serves a community which 
is experiencing no substantial popula- 
tion growth. Even in such a com- 
munity, the per capita use of water is 
increasing, and the standards by 
which water quality is measured are 
becoming more exacting with regard 
to degree of purification, taste and 
odor requirements, and chemical char- 
acteristics. 

By the same token, neither are 
water revenue requirements static. All 
capital expenditures must be financed, 
either directly or indirectly, from reve 
nues. The capital investment in water 
supplies has been undergoing a marked 
change in the past several decades. 
About 50 years ago, a Bureau of the 
Census survey revealed that the book 
investment in water works at that 
time averaged about $30 per capita. 
By 1940 this average had increased to 
about $75, and at present is probably 
about $100 per capita. From these fig- 
ures, it is apparent that book invest 
ment in water works has increased, 
over the last half century, at an aver 
age rate of approximately $1.50 per 
capita per year. Currently, water 
works construction cost about $200 
per capita. 

Because it costs approximately six 
times as much today to provide watel 
for a new customer as it did 50 years 
ago, it is apparent that old customers 
are paying a large share of the new 
customers’ water bill. Unless the regu 
latory commissions and municipal 
bodies responsible for the fixing of 
rates recognize that fair value as well 
as original cost should be considered 
in determining equitable rates, water 
works will be subject to a creeping 
economic paralysis resulting from the 
dilution of 100-cent dollars with those 
of continually decreasing value. 


Discriminatory Rates 


determinations, 
new water are currently 
enjoying discriminatory rates. The 
cost of construction at $200 per capita 
is $800 per new service. Ficuring 6 
per cent return and 1.5 per cent for 
depreciation plus operation and main- 
tenance expenses, the new residential 
customer’s payment of $20-$25 per 
year will not cover more than a third 
of his cost to the system. The remain- 
der must be provided from revenues 


rate 
customers 


Under usual 
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derived from old customers—a clear- 
ly discriminatory practice. 

State utility commissions partially 
recognize this inequity in their rules 
by declaring that new customers re- 

uiring extensions of mains must ad 
vance that part of the cost in excess 

2.5-4 times their first year’s reve 

(that is, all costs over $50-$100). 

the average service spacing, even 

in highly developed areas, is about 60 

ft, the cost of a 6-in. diameter main is 

about $210, and the customer there- 

fore ad one-half to three 

This amount, 

covers only about a fourth 

the total investment in facilities 

rom the source of supply to the serv- 

ice pipe re quired to serve the new cus- 
tomer 


vances 
fourths of the 


however 


cost 


\ possible remedy is a connection 
charge for all new customers. Other- 
wise, their deflated-dollar annual reve 
nue will not pay their proportionate 
share of the inflated investment made 


Tor the m 


Current Reproduction Cost 


During the past 25 years construc 
tion costs have increased nearly five- 
fold 

only about a third of the life-span of 
most midwestern water works and a 
fifth o1 of that of many water 
works in Kast. 

the costs of very early 
vater works construction indicate that 
with the crude facilities then available 
it required about the same investment 
as it did 100 years later, 
had 
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Chis period, however, covers 


less 
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per SseTvice 
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nt iterially 
ever, there has been a sharp increase 

Water abandon very little 
preverty: accordingly, it is probable 
thas considerably more than 75 per 
all expenditures for water 
works construction made in this 
country during the past 150 years is 
stili in This fact has caused 
much debate in fixing rates for water 
from 
repro 
(less depreciation ) to 


we irks 


cen ot 


service 


Practice varies 
of current 


1 
WOTKS service 


exclusive use cost 
duction con 
sideration only of original cost in fix 
ing the rate base 

It is the author’s opinion that cost 
%t reproduction is at least entitled to 
major consideration and accordingly 
his office has made many cost-of re 
production estimates of water works 
properties whose original cost is also 
made 
during the past several years of con 


available From these studies, 


tinually increasing prices, it is found 


that the current reproduction cost 


depreciation) of works 
2.5 times the original 
made a period of 
The average of six 
recent estimates was 1.94, The range 


(less water 
systems is 1.75 
Investment over 


several decades 
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TABLE | 


Growth of American Economy 


Since World War Il 


In- 
crease 


per 
cent 


1955 


Prewar 


Population—millions 166.5* 25 
Personal incomes— 

billion dollars 315 210 
Cost of livingt 114.7 74 
Hourly factory wages— 

dollars 1.93 192 
Wholesale pricest ‘ 112 68 
ENR Construction Cost 

Indext 680 188 


Water rates — 0-75 





News-Record (Dec. 1955 


depends primarily upon the extent to 
which the property has been expanded 
during recent periods of high costs. 
With some of the older properties, 
built 25-100 years ago, the ratio will 
be larger—perhaps as high as 3:1. 
\mong recently constructed proper- 
ties, however—even though some of 
them have substantially doubled their 
investment in the 10 years since the 
end of World War I[—the ratio of 
current reproduction cost( less depre- 
ciation) to original cost was never 
less than 1.75:1. 

\re water works subject to any dif 
ferent economic laws than individuals 
or corporations ? 

Are water works receiving ade- 
quate remuneration at rates computed 
upon a base of only half their fair 
value, when such earnings must neces- 
sarily be spent in the open market of 
inflated prices and deflated dollars ? 

Is it dollars or facilities that furnish 
the service and are exhausted by use? 

When commodities, facilities, or 
structures are traded in at sufficiently 
frequent intervals to establish “market 
value,” the trading prices reflect the 
current purchasing value of the dollar. 
Unfortunately, water works are rare- 
ly bought and sold, and in order to 
secure a measure of their present 
value, estimates of reproduction cost 
(less depreciation) at current price 
are made. regulatory 
commissions give little weight to such 
estimates. Probably few water works 
would contend for immediate adjust- 
ment of rates to reflect fully the cur- 
rent cost of reproduction. It is in- 
teresting to note, however, that in 
cases where a city acquires the water 
works property it almost invariably 
pays a price based largely or entirely 
upon cost-of-reproduction estimates— 
even though it may have argued for 
original cost as a basis for rates for 


levels Some 


the private company. 

If water works facilities were as 
short-lived as telephone or electric 
power facilities, the difference would 
not be so great, but with two-thirds 
of water works value in the long-life 
distribution system, and an overall 
system life as much as ten times that 
of some other utilities, the water 
works industry must have considera- 
tion from the fair value viewpoint if 
it is to meet its requirements satis- 
factorily. 

The figures in Table 1, derived 
from The Magazine of Wall Street 
illustrate changes in the American 
economy since the beginning of World 
War II. 

Operation and Maintenance Costs 

Every water works has been ex- 
periencing a rapid increase in the cost 
of operation and maintenance, partic- 
ularly in the last 10 years. Table 2 
shows the reported increase of plants 
in several cities. From this table it 
will be noted than in the 9 years fol- 
lowing World War II operation and 
maintenance expenses per unit output 
have substantially doubled. Because 
operation and maintenance expenses 
represent from 50 to 70 percent of 
the total cost of operating most water 
works properties, it is apparent that 
rates which were adequate 10 years 
ago are no longer sufficient. 

Comparison was made of the ENR 
(Engineering News-Record) Con- 
struction Cost Index with the records 
of Chicago, Louisville, and Des 
Moines for operation and maintenance 
expenditures per million gallons for 
the period 1945-54. Although the in- 
creases for the individual cities varied, 
a plot of the average increase of all 
three generally followed the ENR in- 
crease curve, but was about 10 per 
cent lower. 

Inasmuch as operation and mainte- 
nance costs have substantially doubled 
in recent years and require 50—75 per 
cent of water works revenue, it is ap- 
parent that to compensate for this ele- 
ment alone a 25—.5 per cent increase 
in revenue per million gallons would 
be necessary in this period merely to 
maintain the position of 1945. 


Capital Additions 

In the 25-year period prior to 1945 
the water works industry was expand- 
ing $7.35 per customer (or about 
$1.75 per capita) per year from earn- 
ings to finance new construction. This 
was about 25 per cent of the gross 
revenue, Assuming no change in rate 
of growth, this expenditure would 
now—as a result of rising costs—be 
at least $18—$20 per customer, an in- 
crease of about $12 per customer over 
1945. This $12 is equal to 37.5 per 





cent of the 1945 average revenue per 
customer. Many water works have 
increased rates since 1945, of course, 
and this $12 per customer increase 
would probably be equivalent to about 
25 per cent of current average rev- 
enue. Capital improvements must be 
made. Inasmuch as financing from 
current revenue is usually about 40 
per cent less costly than financing 
from funded debt, it is obvious that 
revenues should be sufficent to finance 
as much new construction as possible 
from earnings. 

In 1945 the average water works 
had $7.50 per customer left from 
earnings each year to cover fixed 
charges, return, and similar items. 
Even assuming that this amount is 
adequate for 1956 it is apparent from 
the foregoing that 1945 water rev- 
enues would have to be increased 25 

35 per cent for higher operation 
and maintenance costs plus about 37.5 
per cent more to maintain construc- 
tion progress—or a total of 65—70 
per cent, as a general average. 

Many water works have had sub- 
stantial rate increases. Some private 
companies have had two—and a lim- 
ited few, three—increases, but there 
are still many water works trying to 
maintain service at pre-World War 
II rates. In general this is impossible, 
and to attempt it is usually unwise; 
almost without exception it results in 
inadequate service, dissatisfied cus- 
tomers, and the overlong deferral of 
necessary plant expansion. Within 
recent years practically all important 
water works construction programs, 
whether public or private, have re- 
quired increased revenue before they 
could be economically financed. 

From a rather inadequate sampling 
of plants for which data were readily 
available to the author it would ap- 
pear that the average annual revenue 
per customer has risen fom $32.10 
(the average of 100 plants studied in 
1945) to $50-$60 per year in 1955. 
The 1955 per capita revenue is prob- 
ably about $12.50 per year. 

In three recent rate cases involving 
private water companies in three dif- 
ferent midwestern states the reg- 
ulatory commissions’ decisions result 
ed in gross revenues of $65.33, $87.07, 
and $65.50 per customer. In 1945 
these three companies had gross rev- 
enues per customer of $38.47, $42.30, 
and $32.40, respectively. The average 
of the increases for the three com- 
panies in the 10-year period was 93 
per cent. These companies have the 
advantage of alert management re- 
sponsive to the need of maintaining 
earnings sufficient to attract the capi- 
tal necessary for their rapid growth. 
Their per customer revenues and their 
10-year increases are probably mate- 


TABLE 2 
Increase in Operation and Maintenance 
Costs, 1945-54 


Owner Cc 
ship* per 
M 202 
M 180 
M 178 
b 169 
P 168 
M 130 
M 132 


st Increase 
ent 1945 ava 


Ava Plants A-E 180 


*Municipal plants designated M; privately 
owned, P. 

+Gravity supply. 

rially greater than the national aver- 
ages—but no doubt reflect fairly well 
what those averages should be. 


Forecasting Needs 


It is just as essential for a water 
works to study its requirements and 
provide for them in advance of their 
maturity as it is for an individual to 
plan ahead. This is particularly true 
in areas of rapid growth. 

Every water works should period- 
ically have its needs projected into the 
future for at least two decades : the re- 
quired new construction outlined, con- 
struction costs estimated, and the im- 
pact of those costs (along with 
changes in operating procedures) on 
the total annual expenses estimated. 
Construction expenditures should be 
coordinated with revenues as far 
as possible, and rates should be 
charged as needed to maintain high 
service standards. 

Water is cheap, and experience has 
usually shown that the people will 
vote the necessary bonds or approve 
rate increases when they are con- 
vinced of the necessity. Unless they 
are so convinced, as is illustrated by 
the experience of Denver, Colo. The 
voters of that city defeated a $20,- 
000,000 bond issue and a year later 
after a comprehensive survey and re 
port and an effective educational cam- 
paign—approved a $75,000,000 issue 
by a 14-to-1 margin. 


Electric Utilities 


\nalysis of the operation statistics 
of five electric companies in four mid- 
western states serving about 1,500,- 
000 customers discloses revenues 
from residential customers varying 
from $70.65 to $83.06 per year, and 
averaging $77.96 per year. This is at 
least three times as great as the aver- 
age residential water bill in the same 
area. These electric companies have 
grown so rapidly that the average dol- 
lar age of their investment is less than 


R-17 


10 years (about a third that of the 
average water works) and their reve- 
nues are 2.6 times as much as they 
were 10 years ago. There would ap- 
pear to be little reason why consum- 
ers would not be willing to pay as 
much for water as for electric service, 
if they were convinced of the necessi- 
ty. Possibly one element in this situ- 
ation is the fact that 80 per cent of 
water works are publicly owned, and 
politicians are more allergic to rate 
increases than are stockholders. 


Conclusions 

1. Water rates in general are too 
low. More adequate revenues would 
be in the interest of both the water 
supplier and the water user. 

2. As a general statement it is be- 
lieved that, under conditions now pre- 
vailing, a minimum charge of less 
than $1.50 per month, permitting the 
use of 2,000 gal of water per month, 
cannot be equitably sustained for most 
water works. As an indication of the 
reasonableness of this statement, reg- 
ulatory commissions in three mid- 
western states have recently fixed 
minimum charges for 5¢-in. meters 
for major water utilities of $2.22, 
$2.60, and $2.83 per month, respec- 
tively. 

3. Since half of all residential con- 
sumers in nearly all cities use less 
than 3,000 gal per month, the amount 
of water furnished under the mini- 
mum rate should be reduced to not 
more than 2,000 gal per month. A 
300-gal per month allowance offers 
no incentive for water conservation 
to nearly half of the residential con- 
sumers. 

4. The public wants adequate water 
service. The average domestic serv- 
ice throughout the country uses about 
6,000 gal per month, for which the 
customer currently pays $20-$25 per 
year. An increase of about one cent 
per capita per day would increase the 
residential revenue more than 50 per 
cent. Corresponding percentage in- 
creases in industrial and commercial 
rates would produce sufficient reve- 
nues for most plants. This seems a 
small price to pay for the difference 
between good and mediocre—or even 
unsatisfactory—service. 

5. Good water service requires 
good management. Good management 
studies water requirements in ad- 
vance, provides for meeting expand- 
ing needs before they mature, coordi- 
nates construction and financial pro- 
grams, acquaints the public with fi- 
nancial requirements for good service, 
and provides the facilities before an 
actual emergency develops. 

6. Adequate revenues today are 
the best assurance of satisfactory wa- 
ter works service tomorrow. 
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Sewer Rentals and Sewer Extension 
Charges in Massachusetts” 


T HE DIVISION of Sanitary 
Engineering of the Massachusetts 
Department of Public Health receives 
many inquiries each year in regard 
to financing sewer extensions, house 
connections and the maintenance and 
operation of systems. With rapid ex- 


pansion of sewerage systems due to 


mass movement of the citizens to 
suburban areas, the problem of finan 
cing such extensions to serve newly 
developed areas has become acute. 
Although in the final analysis, the 
cost of sewerage services is borne by 
the citizens of the community, never- 
community attempts to 
formula of painless 


theless, each 


develop some 
financing 

In Massachusetts the methods of fi- 
nancing systems are pro- 
vided for in Chapter 83 of the General 
Che of construction of 
sewerage systems is financed by serial 
bonds, the maximum period not to ex- 
ceed 30 years. The General Laws pro- 
vide, however, that the city shall be 
assessed not less than one-fourth nor 
more than two-thirds of the cost of 
laying out, constructing, maintaining 
and repairing common sewers. Many 
of the in Mass- 
achusetts have been in existence for 
a number of vears so that the rates 
that been established by the 
municipalities are frequently not real- 
istic when compared with present day 


sewerage 


| AWS cost 


sewerage systems 


have 


costs 

In an effort to secure information 
that would be helpful in guiding mu 
nicipal officials in setting up realistic 
tariffs, a questionnaire was sent to all 
municipalities having public sewerage 
The response to the ques- 
was excellent. 


systems 
tionnaire 


Financing Sewer Extensions 


\ study of the questionnaire showed 
that extensions were financed 
in five different ways with some min 
or variations. Thirty-nine munic- 
ipalities financed sewer extensions on 
the front foot basis ; five municipalities 
financed on an area basis, usually 
with a maximum chargeable depth of 
100 or 125 ft. for the property; 28 


sewer 


& Ind 


(1956) 


* Reprinted from Sex Wastes, 


Vol. 28, No. 6, p. 772 
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of the municipalities financed on a 
combination of the front foot method 
and the area method; 54 of the 
municipalities financed their exten- 
sions directly from general taxation 
with no specific charges to the per- 
directly benefited, while three 
municipalities assessed the actual cost 
of the construction directly on the 
persons benefited. 

In the case of new subdivisions, 60 
of the communities required that the 
sewers be installed and paid for by the 
developer, while 31 municipalities did 
not have such a requirement. 

Section 21, Chapter 83 of the Gen- 
eral Laws states that if land abuts 
upon more than one way, assessments 
for sewers based wholly or in part 
upon frontage shall be assessed upon 
the frontage upon one such way and 
upon so much of the frontage upon 
such other way as is not exempted by 
the board of sewer commissioners 
whose duty it is to make the assess- 
ment, and such board may exempt 
from assessment so much of the front- 
age upon such other way as they 
consider just and equitable. 

Seventy-nine of the communities 
submitting answers to the question- 
naire gave their solution to the prob- 
lem of corner lots. There were 15 
different solutions, as follows: 


sons 


1. Assessment based on the short- 
est frontage. 
Assessment based on the long- 
est frontage with a maximum 
of 100 ft. 
Assessment based on one-half 
the frontage on each side. 
Frontage assessment which ex- 
empts 100 ft. on the short side. 
Frontage assessment which ex- 
empts 50 ft. on one side. 
Frontage assessment which ex- 
empts 60 ft. on one side. 
Frontage assessment which ex- 
empts 80 ft. on one side. 
Frontage assessment which ex- 
empts 100 ft. on one side. 
Frontage assessment which ex- 
empts 125 ft. on one side. 
Frontage assessment based on 
the longest side or the side on 
which the sewer connection is 
located. 
Frontage assessment based on 
the side with sewer connection. 


achusetts 


2. Frontage assessment based on 
the longest frontage. 
Assessment based on exemption 
of the shortest side. 

No frontage exemption on 
either side. 

Assessment based on exemption 
of 100 ft. on the longest side. 

In regard to financing sewer con- 

nections, the law was recently changed 
so that now the property owner may 
take up to 10 years to finance both 
his house connection and the sewer 
charges at 4 per cent interest. The 
questionnaire showed that there were 
five methods of making charges for 
house connections. These were on the 
basis of (a) actual cost, (b) a fixed 
sum, (c) a unit foot cost, (d) gen- 
eral taxation or (e) paid for by the 
property owner. 


Financing, Maintenance 


and Operation 


The financing, maintaining and op- 
eration of sewerage systems are done 
by any one of three different methods 
or a combination of the methods. 
These methods are (a) general taxa- 
tion, (b) fixed charge for each service 
connection or family, or (c) a charge 
based on water consumption. In the 
latter method the rate may be a per 
centage of the water bill or it may be 
a fixed rate per 100 cu. ft. as based 
on water meter readings. In the case 
of large installations the sewage flows 
are metered directly and the charges 
based accordingly. 


Summary 


\ reveiw of the data obtained from 
the 133 questionnaires returned would 
indicate that there is a need for a 
study to develop more uniform and 
realistic methods of financing sewer 
extensions, house connections and the 
cost of maintenance and operation of 
sewerage systems. 





Editor's Note—Copies of the tabulated 
data obtained from the questionnaires 
can be obtained directly by writing to 
the author, Massachusetts Department 
of Health, 511 State House, Boston 33, 


Mass. 























De water works manager nor- 
mally looks to the customer and 
taxpayer for additional income to 
meet the continually increasing ex- 
penses of operation. The reduced 
purchasing power of the dollar and 
the growth in water demand since the 
end of World War I| have combined 
to make this basic problem more pres- 
sing than ever. Many utilities have 
tried to get along on their old rates, 
reducing their expenses by eliminat- 
ing certain services formerly rendered 
and by postponing maintenance and 
replacement. This apparent economy 
actually becomes a greater burden as 
time goes on. Still, the necessity of 
raising rates is a difficult one to face, 
and, in the presence of adverse public 
reaction, the governing body usually 
postpones the increase. The La Mesa, 
Lemon Grove, and Spring Valley Ir- 
rigation Dist. has been confronted 
with such a problem, and the purpose 
of this paper is to describe how im- 
proved administative practices have 
enabled the district to give service 
without raising rates, despite a tre- 
mendous rise in demand. 

The district, which is located to the 
east of and adjecent to San Diego, 
Calif., contains 22,651 acres, includ- 
ing a population of 67,000 in 1952 
more than 5% times the 1940 figure. 
\s a result of this urbanization, the 
district has been forced to convert 
its operations from irrigation to do- 
mestic water supply 

In 1945 the district had one engi- 
neer, its manager. Problems brought 
about by the rapid growth made ne- 
cessary the addition of qualified en- 
gineers, so that operations could be 
analyzed, additional records de- 
veloped, and facilities properly de- 
signed, on the basis of adequate 
board of directors has established 
additional rules and regulations re- 
sulting in higher standards, equi- 
table division of costs, improved 
public relations, and greater personal 
efficiency. In 1951 the board employed 
an administative consultant to make 
a study of office procedures and rec- 
ommend improvements. The report 





*Reprinted from the Jour. Amer. Wat. 
Wks. Assn. Vol. 46, No. 6 (June 1954) by 
permission of AWWA, 


Better Administrative Practices’ 


by M. J. SHELTON 


Gen. Mgr. and Chief Engr., La Mesa, Lemon Grove and Spring Valley Irrigation Dist., La Mesa, Calif. 


was submitted in June of that year. 


Nearly all of the recommendations 
have been adopted, and many other 
changes have been made. The cost of 
the survey was small, particularly 
when compared with the tremendous 
benefits that have been realized. 

Shortly after completion of the ad- 
ministrative survey, the position of 
business manager was created. He 
works closely with the general man- 
ager, being responsible for administra- 
tive details such as personnel, account- 
ing, billing, purchasing, warehousing, 
office procedures, and customer rela- 
tions. 

It was determined at the outset that 
a given procedure or operation would 
not be accepted as necessary merely be- 
cause it was long established. Start- 
ing with the most flagrant deficiencies, 
changes were brought about within 
the office and in the field, and even 
basic policies of the board of directors 
were reviewed. In consequence, du- 
plication of records has been elimi- 
nated ; greater labor efficiency has been 
achieved through motion studies and 
increased machine operation, with a 
resulting reduction in both field and 
office personnel; extension policies 
have been improved ; a clear-cut budg- 
et control procedure has been adopted ; 
an entirely new system of map records 
has been instituted ; suggestions from 
employees have been encouraged by 
awards for those accepted ; and, most 
recently, a pension system has been 
instituted, providing additional em- 
ployee benefits that will still further 
decrease an already very low labor 
turnover. Some indication of the mon- 
etary value of these changes is given 
by the fact that the cost of water de- 
livered to the consumer dropped from 
17.2 cents per 100 cu ft in 1948 to 14.0 
cents in 1952. During this period the 
district was also replacing many ob- 
solete pipelines and generally improv- 
ing water quality, quantity, and pres- 
sure—actually at a pace greater than 
the growth of the population. 

Technological advances are facilitat- 
ing, and changes in public attitudes 
and demands are constantly requiring, 
higher standards and better service. 
In such circumstances, obsolescence is 
normal, but it may arrive more rapidly 












than expected. The problem of man- 
agement is to establish methods of de- 
tecting it, to maintain alertness, and 
to revise operations and procedures as 
appropriate. 


Organization and Personnel 


As previously indicated, the district 
is governed by a board of directors, 
consisting of five men whose terms are 
staggered. Elections are held every 2 
years and the members serve for 4 
years. The board operates in the same 
manner as a city council, under a sec- 
tion of the California water code gov- 
erning irrigation districts. An asses- 
sor-collector-treasurer is also elected, 
and the board appoints an attorney, 
secretary, general manager-chief engi- 
neer, and business manager. The rest 
of the employees in the organization 
are hired by the latter. All operations 
are carried out on a 40-hr week basis, 
including those of emergency crews. 
Overtime is held to an absolute mini- 
mum. 

Engineering has played a most im- 
portant part in the district’s activities 
in the past few years because of popu- 
lation growth in the area. That depart- 
ment has, therefore, been enlarged, 
whereas all others are actually smaller 
than they were a few years ago. Al- 
though the number of accounts has 
more than doubled since January 1948, 
the district has added only one em- 
ployee to the main office staff and one 
to the outside force. 

One of the first steps taken was to 
review the existing salary schedule to 
see that it was reasonably in line with 
that prevailing in other public bodies 
in the area, making due allowance for 
such differences as the absence of a 
pension system for district employees. 
After 1951, when district employees 
were first covered by the Federal So- 
cial Security System, it became feasi- 
ble to establish a retirement system, 
which had previously been precluded 
by the large number of employees with 
long service. Such a plan was initi- 
ated in 1953, with 95 per cent partici- 
pation on the part of those eligible. 


The district now follows a general 
policy of employing younger people 
and tries to obtain college men for the 
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more important positions. Experience 
has shown that the additional amount 
aid for a better qualified person is 
» than offset by his greater effec 

d idaptability 
\n novation started in 1951 
grading and interviewing 


I Was 
in employee 
system. Each foreman grades his men 
n every 6-month period, and his re 
port is reviewed by the superintendent, 
who m: notations before turning it 
latter 


grading 


ikes 
n to the business manager. The 
reviews the 


ith: the employee in a private 


personally 


conference: in addition, he asks for 
any criticisms or suggestions that the 
employee might have. inter- 
views have been most beneficial in im 


Chese 


proving personnel relations and de 


elonne 
I — 


better operations. Upon com 


pletion of the reviews by the business 
manager, he meets with the superin 
tendent and general manager to go 
over each man’s record and determine 
is to be recommended for 
an increase in salary. The 
mendations are then presented to the 
board of directors for formal action 


vhether he 
recom 


Office Rearrangement 


\n early change was the complete 
rearrangement of the office. In the 
past, there had been an aisle down the 
middle of the office, dividing it into 
two parts. On one side was the “water 
department” and, on the other, the 
“tax department,” each with its own 
counter and collectors. The result was 
that the public would often call at the 
wrong department and have to be re 
ferred to the right one, making for lost 
motion on the part of an employee, 
as inconvenience to the cus- 
tomer. Even more important was the 
fact that the employees of one depart 
never used to relieve the 


is well 


ment were 
work load in the other 

Under the new arrangement, the two 
departments were combined into one. 
Small separate offices were eliminated 
and the business manager was located 
at the rear center, where he could over 
see all activities. The counters have 
been attractively redesigned, and the 
telephone switchboard is now situated 
near the main entrance, so that the 
operator can also serve as information 
clerk. Full use is made of the time of 
all employees, work assignments being 
given out by the chief clerk. In ac- 
cordance with the findings of motion 
studies, desks have been so placed that 
a person takes as few steps as possible 
to perform his job. Maps are easily 
accessible to both the public and the 
employees. A drinking fountain for- 
merly installed at the rear of the office 
for personnel use has been moved to 
the front, so that visitors can drink the 
water which is delivered by the district 
-1957 


W.&S.W.—REFERENCE & DATA 


a worth-while public relations de- 
vice. A single clerk has been placed 
in charge of a central file, thus mini- 
mizing the possibility of misfiling 
while greatly cutting down the time 
consumed in locating documents. 

Each person in the office is assigned 
a primary function but works at other 
positions for a sufficient time to become 
thoroughly familiar with them. This 
policy of understudies for all opera 
tions has been applied in every section, 
both in the office and in the field. A 
written job description, describing all 
functions or duties, has been drawn up 
for eV ery position, thereby further 
insuring continuity of action in the 
event of absence of an employee. 


Forms 


lhe administrative survey had indi- 
cated considerable duplication and 
lack of coordination in the preparation 
and use of forms. The business man- 
ager obtained a copy of every form in 
use and began a study to see whether 
it was necessary, what was done with 
the information, who received it, and 
whether it was temporary or perma- 
nent. Interviews were held with the 
persons who regularly initiated or re- 
ceived the farm to determine if it 
could be eliminated, combined with 
others, or simplified. The number of 
forms in use was reduced materially, 
saving labor, time, and filing space. 


Standard Procedures 


As the administrative moderniza- 
tion got under way, it became apparent 
that there should be a permanent sys 
tem of advising all affected persons 
and at the same time making available 
for the future a ready reference source 
on policies and procedures. This was 
accomplished by the issuance of execu- 
tive orders, standard practices, board 
memoranda, and the like. Department 
heads receive copies as issued and 
place them in a loose-leaf book, where 
they are easily accessible. 


Machine Operations 


Before the administrative 
was made, the single billing machine 
on hand had to be operated overtime 
to keep up with the billing schedule. A 
review of billing practices simplified 
the work, eliminated some steps, and 
made possible the preparation of all 
bills well within regular work hours. 
The meter reader's sheets were re- 
vised to assist both him and the billing- 
machine operator. The bulky, large- 
size individual water account cards 
formerly kept on permanent file have 
been eliminated. Billing data are now 
printed on a small card simultaneously 


survey 


with the customer's bill. The cards 
are destroyed after a year, as a per- 
manent record is still available in the 
meter book. Calculating machines, 
typewriters, and other such equipment 
are replaced on a regular schedule in 
order to obtain maximum efficiency. 

A wire recorder, acquired to save 
stenographers time in taking dictation, 
has also proved valuable for recording 
telephone calls and conference discus- 
sions. A photostat machine is used 
to make copies of maps, letters, and 
other documents, and a blueprinting 
machine in the engineering department 
can likewise be employed for this pur- 
pose. 

Improvements in machine opera- 
tions were not limited to the office, but 
were made in the field as well. In this 
connection, the board of directors’ 
policy of awards for suggestions has 
proved fruitful. A wagon drill has 
been adapted for drilling services un- 
der roads, with very great savings in 
time, labor, pavement repair, and in- 
convenience to the public. A small 
service trenching machine was devel- 
oped, and study is being given to a 
drill that will permit the placement of 
a new copper service inside an old 
galvanized-iron pipe. 


Collections 


It has always been recognized that 
peaks in office routine should be elimi- 
nated. To this end, the district has 
for years contracted with banks and 
drugstores to serve as collection sta- 
tions. This policy has been extended 
to include express offices, which will 
receive payment at any of their 
branches, regardless of location, All 
bills carry a listing of the collection 
stations, as well as a note recommend- 
ing payment by check. This campaign 
has increased collections through these 
media, so that the growth in the util- 
ity’s business has not necessitated add- 
ing more tellers at the office. In fact, 
the number has actually been reduced 
by one, as a result of the office rear- 
rangement. 


Calendar Check List 


The job mentioned 
earlier indicate when a certain report 
is due, when contact is to be made, and 
the like. As a further safeguard against 
oversights, the business manager 
maintains a calendar of such items. Re- 
lated matters, such as fire and property 
damage insurance, are now attended to 
on the same date, if practicable. The 
business manager, through the chief 
clerk, reminds the persons concerned 
well in advance of due dates. 


descriptions 





Budget 


Although, in the past, an annual 
projection of expected revenues and 
expenditures was made by the district, 
no true budget was prepared. It is 
now the responsibility of the business 
manager to coordinate the efforts of 
all departments in the preparation of 
such a budget and to maintain control 
throughout the year. Every depart- 
ment makes a careful study and tabu- 
lation of the anticipated work, giving 
costs and justifications. This informa- 
tion is brought together by the busi 
ness manager, who, after thorough 
analysis, reviews it with the general 
manager. The entire budget study is 
then presented to the board of direc- 
tors and examined in detail with them 
at meetings held during June. After 
final adoption by the board of direc- 
tors, the budget is used as a guide in 
authorizing construction projects or 
purchases involving capital outlay as 
they come up. Two years of experience 
with this procedure indicates that all 
department heads cooperate fully, that 
there is improved coordination in the 
planning of projects, and that less 
work is performed and charged to so 
called maintenance accounts, resulting 
in very substantial savings. 

The district system still has many 
miles of substandard pipe in service, 
acquired from existing utilities when 
the district was formed. This condi- 


tion, together with the very rapid de- 
velopment of the area, often necessi- 
tates unanticipated expenditures. Con- 
sequently, the budget includes a con- 
siderable fund to meet such situations. 


Communications 


For a number of years, the district 
has maintained six radiotelephone- 
equipped cars, this utility having been 
one of the first to take advantage of 
the service when it was introduced by 
the telephone company. With expand- 
ing operations made necessary by the 
growth of the area served, it was de- 
termined to increase the number of 
radio-equipped cars to a total of 
twelve. A thorough study showed that 
twelve three-way radio units would 
approximate the cost of six additional 
radiotelephone units installed by the 
telephone company (based on a 10- 
year life, with full allowance for main- 
tenance, depreciation, and other ex- 
penses). The principal argument for 
conversion to the three-way radio was 
the fact that the radiotelephone chan- 
nels had become overloaded, often 
causing long delays, Although a radio 
unit is not in contact with all land 
phones, this disadvantage is offset by 
the ability to hear the conversations 
of all other units and thus keep abreast 


of the situation. Furthermore, the 
radio cars can communicate not only 
with each other but also with the tele- 
phone operator at the base station, who 
normally handles customer calls. 

[cmergency from customers 
during off-duty hours present a prob- 
lem. In the past, the district listing in 
the telephone book included the home 
numbers of all emergency personnel, 
as well as the superintendent. The re- 
sult was that a customer often had to 
make several calls to reach an em- 
ployee on standby duty. Retaining an 
employee at the office or shop at all 
hours would have been far too expen- 
sive, and it seemed impractical to have 
the police receive the calls. The solu- 
tion adopted was to arrange for all 
off-hour calls to be taken by an an- 
swering service, at a cost of only $25 
per month. The district informs the 
answering service of the names, re- 
sponsibilities, and telephone numbers 
of men on standby duty, so that the 
telephone operator can get in touch 
with the right person, depending on 
the nature of the complaint. In this 
way, off-duty men get their rest and 
the customer has to make only one call, 
which is handled by a trained operator. 
This service has been in effect since 
the beginning of 1953 and has proved 
to be very satisfactory. 


calls 


Leasing of Automotive Equipment 


Detailed analysis indicated that the 
district might be able to lease automo 
tive equipment at a saving over the 
former plan of operating its own fleet 
and shops. After considerable negotia- 
tion with a number of possible bidders, 
the district contracted with one of the 
local dealers for 29 vehicles, ranging 
from sedans to flat-bed and dump 
trucks. The sedans and pickups are 
furnished on a 2-year replacement 
basis, the larger trucks on a 3-year 
basis. The dealer makes all mechani- 
cal repairs, supplies oil, batteries, and 
tires, and services the vehicles in the 
district’s yard at the close of the day. 
The district furnishes gasoline and in- 
surance only. 

The benefits from this program are 
numerous: the district always has a 
modern fleet, which makes a good im 
pression on the public; delays due to 
repairs are at a minimum; labor time 
equal to that of 4% men is available 
for other purposes ; the shop need be 
used only for preventive maintenance 
on heavy construction equipment ; ad- 
ministration by the management and 
superintendent has been eliminated ; 
purchase orders have been reduced 
one-third ; and inventories of repair 
parts and tires are unnecessary, there- 
by releasing funds for other projects. 
All this has been accomplished with 
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the same cash outlay as was required 
by former operations, but funds pre- 
viously tied up in capital have been re 
leased for water main installations. A 
further advantage of the new pro 
cedure is that the costs are known in 
advance for the entire year, payments 
being made monthly at a fixed rate per 
unit. It is planned to place all auto 
motive equipment, except that for 
heavy construction, on a lease basis 
within the next year. 


Distribution System Records 


Conversion from irrigation to do 
mestic service has brought about 
many changes in the district’s distri- 
bution system, which, in turn, have 
necessitated the development of a 
master plan that is annually reviewed 
and amended to meet new conditions. 
System records are the full-time re- 
sponsibility of engineer, who 
checks all facilities installed and keeps 
up with current construction. Draw- 
ings and descriptions are prepared to 
predetermined standards and are filed 
and indexed for ready reference. The 
photostat machine is used to reduce 
record drawings to the property scale, 
and additional data are drawn on the 
prints. This procedure eliminates 75- 
8O per cent of the drafting work and 
expense. 


one 


To replace the cumbersome and 
sometimes inaccurate maps that have 
been maintained since the inception of 
the district in 1926, a map-making 
project was started in July 1952. All 
base sheets are now completed and in 
use in the tax department. New wall 
maps are also in use, and pipeline data 
are being recorded on a second set of 
tracings. Meters are located relative 
to property lines ; the size and type of 
service, the account number, and the 
address are shown; pipeline data in 
clude the date of installation, size and 
type of pipe, work order number, and 
location relative to centerline. Eleva 
tions are shown wherever such data 
are available, and eventually it is 
planned to include contours. Full use 
of the photostat machine has been 
made in reducing layout time by 
bringing record maps into the proper 
scale, so that they can be traced. 

An attempt was made to contract 
the entire project, but none of the reg- 
ular map-making companies was in- 
terested and one local engineering 
company’s bid was so much higher 
than the estimated cost that the board 
of directors authorized performance 
of the work by district forces. The 
project is set up as a special depart- 
ment, removed from other activities, 
so that the work can be carried on 
without interruption. To date, prog- 
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ress and costs have been well within 


the estimates 


Extension Policies 


Che board of directors has estab- 
lished policies pertaining to 
granting of service to customers who 
do not front on pipelines, as well as 
regarding the installation of facilities 
in new developments. In the former, 
the district requires the owner to sign 
an agreement stating that, when and 
if a pipeline is installed, he will pay 
front-foot costs based on 6-in. pipe 
[he document is recorded, and each 
prospective owner of property so 
covered is informed of his responsi- 
bility whenever a title search is made. 
Upon the signing of such an agree 
ment, temporary service is given from 


basic 


the nearest main. 
Whenever an individual or devel 
inquires about pipelines, 


opel new 


What's Happening In 
Water Works 


Che wide-awake water works man- 
ager must consider the future demand 
on his water supply system. This too, 
is part of “Better Administrative 
Practices.” It is not enough for a man- 
ager to develop an organization and 
personnel, to arrange the office effi 
ciently, to develop forms and standard 
procedures, to institute machine oper 
ations, to prepare a budget, to develop 
communication systems, and to main- 
tain distribution records. The astute 
manager, today, must be thinking and 
planning in terms of the future supply 
and demand 

he importance of the matter of 
supply and demand is shown by the 
charts herewith. These charts were 
prepared by the Water & Sewage In- 
dustry & Utilities Division; BDSA, 
U. S. Dept. of Commerce. The charts 
were distributed by the Amer. Water 
Works Assn. with the timely heading, 
“WAKE UP WATER WORKS— 
See What’s Happening!” 

AWWA added these comments: 
“Water use is increasing more rapidly 
than population”—‘The Public Wants 
Service !’”"—‘*Water Works Must Meet 
the Needs!” 

lhese charts bear repeated consid- 
eration and study. Each water utility 
should apply the same criteria to its 
own facilities and do some constructive 
planning for the future 
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the engineering department prepares 
a cost estimate and makes a schematic 
layout indicating the size, location, 
and type of pipe, and the location of 
valves and fire hydrants. This infor- 
mation is shown on a printed form, 
which is furnished to the person in- 
quiring, with copies being placed on 
file. The owner must employ a private 
engineer and contractor, as the dis- 
trict does not do any construction 
itself, with minor exceptions. Pay- 
ment of the estimated cost must, how- 
ever, be made to the district before 
work can start, and the owner has to 
send the district a form letter stating 
the name of the contractor, the 
amount of the contract for installa- 
tion, the expected date of starting 
and completion of the job, and the 
name of the party to whom the district 
is to make payment. Thus, the con- 
tractor is assured of payment, and the 


work is performed according to plans 
approved by the district. Any funds 
not needed are returned to the owner 
upon completion and acceptance. The 
district makes spot checks to deter- 
mine that the facilities are installed as 
planned. The district disinfects the 
new lines and makes the connection to 
the system. All other work is done by 
the contractor, including excavation 
for the district main connection. By 
following this policy of having the 
owner finance the extension himself, 
the district can conserve its funds for 
necessary projects. 

The results of the administrative 
changes described have been gratify- 
ing, but a constant search for means 
of further improvement is being main- 
tained. It is hoped that other utilities 
will find application for some of the 
measures that have benefited the La 
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Public Relations in Sewage Treatment Works" 


»nder 


EW SHORT schools for water 

and sewage treatment plant opera- 
tors are scheduled today without in- 
cluding the topic of public relations. 
Why do the planners of operator 
training courses include this topic? 
Why is it important? 

One main reason this topic is gen- 
erally included is that the experienced 
sewage treatment plant operator de- 
mands it. The topic is important be- 
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facilities have an easier job if the pub- 
lic has a high regard for the sewage 
treatment plant. 


Plant Appearance 

Jeautifying a plant exterior must 
not be overlooked in bettering public 
relations, even though a large part 
of the public will unfortunately never 
take the time to observe a plant first 





public relations” 





“Beautifying a plant exterior must not be overlooked in bettering 








cause without paying attention to im- 
proving plant public relations, even 
the veteran plant operator will be 
handicapped in meeting his responsi- 
bilities. 

Public relations refers to the over- 
all feeling the citizens in a community 
have toward the local sewage treat- 
ment plant. This feeling can vary from 
complete indifference, which is the 
general public attitude if the operation 
of a plant is completely satisfactory, 
to bad, if a plant has given the 
slightest- grounds for complaint. No 
treatment plant has or will have a 
commendable public relations pro- 
gram without directing some effort 
towards this goal. It will never just 
happen, work is required! 

With the exception of rare gen- 
iuses, few successful men in history 
have been able to completely ignore 
the public. Large industrial conéerns 
and branches of the armed services 
have public relations experts whose 
fulltime jobs are to improve relations 
with the public. 

The attitude the pubiic feels toward 
a sewage treatment plant can affect 
that particular plant’s operation in 
several ways. Although a number of 
privately owned and operated sewer- 
age works are in existence, the major- 
ity of such services are provided by 
municipally operated utilities. The 
elected or appointed officials charged 
with up for these 


setting budgets 


Ind. Wastes, 
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hand. They will never see the ex- 
cellently prepared monthly operation 
report, and if they did it would be 
of little significance. What the public 
sees on the outside will be the basis 
for its judgment. Consequently, it 
behooves every operator to create a 
plant of pleasing exterior qualities. 
Would a visitor to your plant today 
find a well graded and planted lawn 
surrounding a neatly painted control 
building and treatment units? 


Operator Appearance 


In sewage treatment, as in all jobs, 
there is no place for untidiness in the 
appearance of employees. An excel- 
lent impression given a plant visitor 
by a beautiful plant exterior can 
quickly fade if the plant operators are 
sloppy in appearance. Several Florida 
sewage treatment plants furnish opera- 
tors with laundered white uniforms. 
Naturally, visitors are impressed with 
so fine a showing of organized neat- 


Fla. 


Plant Courtesy 

Regardless of the importance or 
seeming unimportance of a visitor to 
a treatment plant (and who can be a 
judge of this) each person should be 
treated with the utmost respect and 
courtesy. Operators too busy at the 
time to properly show a visitor through 
the plant should invite the person to 
return at a more convenient time. 
Every plant should have a visitor’s 
registry and every visitor should be 
invited to sign. Visitors should be 
made to feel that they are welcome 
and their visit appreciated. Further- 
more, every question asked should be 
answered with tact and respect. 

A good operator naturally reveals 
that he is proud of his job. He real- 
izes his work is one of the most im- 
portant phases of public health and 
for that matter preventive medicine 
itself. How can a citizen-visitor feel 
proud of the local sewage treatment 
plant if the man who shows him about 
the plant creates the impression he is 
on the job only to draw a pay check. 


Use of Proper Terms 


Plant visitors are impressed not 
only by the treatment facilities but by 
the manner in which the plant is de- 
scribed. Thinking operators have 
found it wise to arrange standard 
“tours” for displaying their treatment 
plants. In showing a visitor through 
a plant it is best to follow the flow- 
through route. Each treatment proc- 
type of sewage treatment plant 
and treatment unit has a proper tech- 
nical name. Only the correct terms 


ess, 








“In sewage treatment, as in all jobs, there is no place for untidi- 
ness in the appearance of employees” 








ness. Uniforms are not absolutely 
necessary, all that is required in this 
respect is that the operators work in 
clean clothes, and by all means come 
on the job with a clean shave. An 
operator who is dirty and unshaven 
ruins not only the prestige of his own 
plant but the prestige of his profes- 
sion as well! 


should be used in describing the plant. 
An operator should know more 
about his plant than anyone else. 
Ready answers should be given on 
questions pertaining to the plant his- 
tory, design engineers, the builder, de- 
sign capacity, capacity of units, analy- 
ses of the raw and finished product 
and other details of the plant units. 
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“The average lay visitor does not appreciate the technical 
nature of sewage treatment operation" 








being done by various agencies, in- 


stitutions and professional societies 
to improve the general quality of 
operation. Operators can do much to 
assist in this endeavor by displaying 
plant operation awards earned by 
their plant, together with individual 
certificates of operation earned by 
plant personnel. Certificates of mem 
bership held by the operating per- 
sonnel in the various professional 
societies likewise should be on dis 
play in a prominent place 


Off-the-Job Relations 


The attitude of the public towards 
the local sewage treatment plant may 
not be obtained entirely by in-plant 
The people of the United 
last that 


activities, 


States found after the wal 


some of their best ambassadors were 
G.I.’s who were constantly meeting 
the citizens of other countries. In the 
same way, a plant operator in his off- 
duty hours can do much to better the 
feeling the public has towards the op- 
erator’s occupation. In his church, in 
his local businessmen’s club, and in 
all phases of community activity the 
plant operator can do much to for- 
ward good public relations. 

Public relations is a frequently used 
term. On a personal basis good public 
relations naturally to some 
people. They are the ones voted in 
their school classes as most likely to 


comes 


succeed. However, to others maintain 
‘ng good public relations is a real 
effort, but it is a program that will 


pay dividends. 





Dollar Savings Through 
A Sound Safety Program 


A -THOUGH the title of this paper 
may sound as though it could de- 
velop into a mercenary approach to a 
very human problem, such could not 
be farther from the truth, either by 
implication or intent. 

At the start, consider a very hypo- 
thetical, but nevertheless by no means 
unusual or impossible, industrial acci- 
dent case—say of Sam Brown. It has 
been Mr. Brown’s grave misfortune 
to have lost an eye. The details of the 
accident are matters of record, and 
regardless of all statements as to pos- 
sibilities, Mr. Brown is still at the posi- 
tion where one of his eyes has been 
irretrievably lost. The proper body of 
the Industrial Commission of the state 
has reviewed the facts, statements, and 
exhibits, and has determined that Mr. 
Brown has sustained a permanent par- 
tial disability, worthy of cash compen- 
sation to the amount of several thou- 
sands of dollars. The case is closed. 

Many of Mr. Brown’s friends and 
fellow employees have said, with a 
striking degree of reality: “Can any- 
one or any group set a money value on 
such a loss ?” Truly no one or no group 
can answer in the affirmative. In fact, 
Workmen’s Compensation has never 
been considered, nor can it be, a pay- 
ment in full restitution. As in all types 
of insurance—fire, life, health, acci- 
dent—the best it can do is to recognize 
the frailties of human nature and the 
inadequacies of solutions of very per- 
sonal problems and, at best, try to 
compensate for a loss by recognizing 
that there always will be those who 
care. 

In Sam 
connected with the case lost. Every 
disabling injury sets up a chain reac- 
tion which spreads and envelops a con- 
vincing array of contacts, develop- 


Brown’s case everybody 


ments and reactions. 

There are direct costs; compensa- 
tion premiums, doctor bills — both 
medical and surgical—hospitalization 
and nursing fees. 

Indirect costs by the dozens include 
loss to the employee, the employer, 
and his fellow workmen, as follows: 


Losses to the employee 

(a) Loss of wages due to time lost 
from work 

(b) Drain on the economic position of 
the family due to unusually large 
bills 

(c) Eventual permanent reduction in 
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and Superintendent, Bureau of Water Supr 
the injured employee's ability to 
continue to provide for his home 
and his family 


Losses to the employer 
(a) Loss of a valued and efficient em- 
ployee. 

(b) Break-up of the team-work of a 
work crew. 

(c) Disruption of production by dam- 
age or lay-up to valuable ma 
chinery, tools, and equipment. 

d) Disruption of time and productive 
efforts of the supervisor and co 
operating employees 

e) Loss of stock due to shut-down 

osses to the fellow employee 

) Loss of time due to shut-down. 

(b) Loss of wages due to loss of work 

(c) Reduction in productive power 

due to the loss of a valuable mem 

ber of the team. 


From this brief outline it can be 
observed quite readily that dollar loss 
is only a part of the reaction. Every 
disabling injury imposes direct finan- 
cial loss to the employee (the victim), 
to the fellow employees, to the utility, 
and indirectly to each customer of the 
utility. Yet dollar loss has proven to be 
the incentive by which some measure 
of relief has developed. 

\t the outset attention was called to 
a hypothetical industrial accident case, 
for instance, operating under the laws 
of the State of Ohio. One clause of 
the law is worthy of inclusion here as 
follows: 

1465-83 G.C. 


Section (4123.39 


rn...) 


The amount of money to be contributed 
under section 4123.38 of the Revised Code 
by the State itself and each County, and each 
taxing district within each County shall be 
determined by the Industrial Commission 
In fixing the amount of contribution to be 
made by the County, for such County, and 
for the taxing districts therein, the Com 
mission shall classify Counties and other 
taxing districts into such groups as will 
equitably determine the contributions in ac- 
cordance with the relative degree of hazard, 
and shall also merit rate such individual 
counties, taxing districts, or groups of tax- 
ing districts in accordance with their indi 
vidual accident experience so as ultimately 
to provide for each taxing subdivision con 
sufficient to meet its 


tributing an amount 


individual obligations and to maintain a 


solvent public insurance fund. 


Akt 


Most business managers of water 
utilities are familiar with the tech 
niques of procedure of Industrial 
Commissions. Nevertheless, most rep- 
resent utilities which have not yet 
taken advantage of the clauses in the 
law which lead to ‘dollar savings” and 
“discount rates.” In other words, can 
it be said that the full “merit rating” 
provided has been earned? To be sure 
some have earned part of it ; but much 
more can be gained. Table 1 shows 
how this has been effected by the Ak- 
ron water utility during the past eight 
vears. The table shows $29,022.94 
saved in eight years, and, to refer back 
to 1937, a reduction in the premium 
from $2.28 to $0.74 per $100 of pay- 
roll, a reduction of $1.54 or 67.5 per 


cent. 
How the Individual Worker Benefits 


The individual workman might ask : 
‘How does this help me?” It does, in 
a very real manner, as follows: 


First, it provides the funds to sup- 
port a real, live safety program. 


Second, a real live, safety program 
will inevitably reduce accidents 
through the application of well-proven 
sound, safety measures. 


Third, reduction in accidents means 
fewer employees who will be called 
upon to suffer and to lose time. 


Fourth, less lost time through fewer 
accidents means greater production, 
higher payroll, increased efficiency. 

In short, everybody wins, for ‘the 
accident you prevent may be your 
own.” And, again, fewer accidents re- 
duce compensation premiums, to pro- 
vide funds to inaugurate safety pro- 
grams to prevent accidents. Money 
thus saved and “plowed back” into a 
safety program helps the employer, 
the employee, and the utility—another 
evidence of a chain reaction. 


Is This an Undue Burden 
on Management? 


Does not this place an undue burden 
on utility management? Not at all 
Some lazy utility managers may think 
so, but since a good safety program is 
part and parcel of the overall problem 
of conducting a successful business, it 
will force recognition and acceptance 
upon any manager. It is just as impor- 
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TABLE 1 


Comparison of Workmen’s Compensation Premium Rates 


of All Ohio Cities and City of Akron 





Water 
Dept. 
Payroll, $ 


Akron 
Rate, 
$ per $100 


Premiums 
at City 
Base Rate, $ 


All Cities 
Base Rate, 
$ per $100 


Savings, 
% of 
Base 


Akron* Savings 
Premium, to Water 
$ Dept., $ 





1947 
1948 
1949 


’ 


1350 


491,706 
574,347 
635,335 
660,992 
195] 738,433 
1952 oe 817,260 
1953 924,558 
1954 962,507 

Total 5,805,138 


0.59 
0.53 
0.50 
0.54 
0.51 
0.55 
0.74 
0.74 


0.65 
0.65 
0.65 
0.80 
0.94 
1.03 
1.55 
1.86 


3,196.09 
3,733.26 
4,129.68 
5,287.94 
6,941.27 
8,417.78 
14,330.65 
17,902.63 


63,939.30 


9.2 
18.5 
23.1 
32.5 
45.7 
46.6 
52.3 
60.2 


45.4 


295.02 
689.22 
953.01 
1,718.58 
3,175.26 
3,922.85 
7,488.92 
10,780.08 


29,022.94 


2,901.07 
3,044.04 
3,176.67 
3,569.36 
3,766.01 
4,494.93 
6,841.73 
7,122.55 


34,916.36 





Water Department 





tant as selecting a proper commodity, 
a suitable building site, or the pur- 
chase of necessary tools, equipment 


and materials 

Cherefore, a positive demand on the 
part of the chief executive of a water 
utility will, of course, be translated 
into an equally active interest on the 
part of supervisors through the usual 
channels of training, upgrading, per- 
and other conventional de- 
vices by which executive orders get 
carried out. The specific procedures 
and materials for creating and main- 
taining interest in safety are available 
from the National Safety Council, in- 
surance companies, the U. S. Depart- 
ment of Labor, the American Water 
Works Association, and other author- 


Ssuasion, 
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itative sources. 

Safety is a plan for living—a phi- 
losophy of life, whereby the well- 
ordered individual adds to the sum- 
total of a satisfying life. The safe 
workman considers in his approach to 
a job of work, not only proper tools, 
necessary equipment and selected ma- 
terials, but also a safe plan for its 
execution. A job cannot be accom- 
plished properly unless it is concluded 
safely. Safety-mindedness is a prod- 
uct of self-discipline, good instruction, 
proper direction and continuous ex- 
emplification. 

Does it follow that a safety program 
is good business ? Obviously. If safety 
programs were not good business, the 
wealthiest, most powerful, most com- 


petitive water utilities in the world 
would not be increasingly supporting 
them with larger and larger budgets 
for the setting up of safety depart- 
ments, the hiring of trained personnel, 
and the insistence upon safe proce- 
dures in personnel processes. 

Safety programs are even more than 
good business : they are good employee 
relations, good public relations, and 
good protection against legislative con- 
trol. A utility which has its house in 
order need not fear the approach of 
authority to make it so. 

Yes, SAFETY does produce dollar 
savings, and dollar savings are put to 
work —to the greater safety and 
greater benefit of employee and em- 
ployer alike. 
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lo move liquid 


lo create pressure 


Methods of pumping 
1. Mechanical 
Reciprocating 
Centrifugal pumps 
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proble ms 


systems 


factors which are mnportant to man 


superin‘endents and operators 


water and sewage works, both 


large and small 


Not every aspect of these important 
Outline of Functional Operations 


C. Devices for flow measur- 
ment 
l Head-area meters 


2. Functional meters 


> 


3. Displacement meters 
1). Selection of Units 
1. Primary units 


?, Secondary units 


Operating problems 


1\. Instrumentational and Control 


\. Transmission 
1. Mechanical 
2. Electrical 
3. Pneumatic 


Receivers 
1. Function 


2. Type of « 


Controls 
l lypes 
1. Manual 
b. Semi-Automatic 
\utomatic 
d. Pacing 
2. Functions 
a. Flow control 
Chemical feed control 
Pump control 
Level, pressure, tem- 
perature 
e. Filter operation 


1). Selection Factors 


1. Primary instruments 
2. Secondary instruments 


3 Control 


Chemical Handling an 
Feeding 
\. Chemicals Used 
1. Shipping data 
2. Characteristics 
3. Storage and Handling 
+t. Safety 
Chenmnucal leeder 
‘| ypes 
a. Volumetric 
b. Gravimetric 


subject will be 


factors can be included in one issue 


but other reference material on this 


found in previous 


Reference & Data Numbers. 


c. Solution 

d. Gas 
Feeding 
1. Water Treatment 
2. Sewage Treatment 
Control 
1. Analysis 


Instrumentation 
VI. Coagulation 


\. Purpose 
1. Water Treatment 


2. Sewage Treatment 


B. Chemicals used 
C. Chemical reactions 
1). Control 


Sedimentation 


\. Mixing 


1. Purpose 
2. Time and type 


}. Settling 
1. Type of tank 
2. Time 


> 


3. Sludge removal 


VII. Corrosion 


\. Mechanism 
1. Role of electricity 


2. Role of oxygen 


B. Conditions 
1. Water 
2. Sewage 
Prevention 


Protective coatings 


l. 
2. Cathodic protection 
M3 


Treatment of water 


Laboratory Control 


\. Purpose 
B. Equipment required 
C. Tests used 


Maintenance 


A. Preventive 
B. Corrective 





Multi-Speed Pumps for Load Changes 


Retired Vice President 


ANY PUMPING STATIONS 
M in operation today that have an 
installed capacity equivalent to the 
flow of a good-sized river. Where 
large volumes of water are trans- 
ported through pipelines, either down- 
hill by gravity or pumped uphill to 
the point of use, the control of these 
flows becomes an important matter. 
It is necessary to provide facilities and 
a method for preventing damage from 
pressure surges that may result when 
the flow through a pipeline is sudden- 
ly stopped. 

This is exemplified in pumping 
plants for water works and sewerage 
service, as well as in hydroelectric 
plants—al! being subject to changes 
in load. So that the most efficient sys- 
tem can be obtained, the changes in 
the volume of the flow should be 
made as gradual as possible. To vary 
the water flow in the old days of steam 
pumps, the operator changed the en- 
gine speed at the steam throttle. When 
the electric age arrived, a variable- 
speed motor or combinations of sev- 
eral constant-speed units were used to 
meet the change in pumping loads. 
The synchronous motor, with its high- 
er efficiency and improved load factor, 
offered many advantages. However, 
this type of motor could only be used 
in constant-speed pumping and there- 
fore lacked flexibility. 


Magnetic Drive Proves Its Value 


It was evident that a pumping unit 


by H. J. MEEKER 
Publ.c Works Div., Worthington Pump C 


having the advantages of the syn- 
chronous motor, and with some means 
of varying the speed of the pump, 
would provide an ideal unit for regn- 
lating the flow. The magnetic drive 
had been developed and used for many 
years, in various services. To our 
knowledge it had been used in one 
instance for low-head water pumping. 
However, it had never been used for 
sewage pumping until it was installed 
at the Nut Island sewage treatment 
plant of Boston, Mass. 

The problem at this plant required 
close regulation of the level in the 
suction well, as the coarse solids com 
minutors are located between the grit 
chambers and the pump suction well. 
For proper operation of the comminu- 
tors, a regulation of three inches plus 
or minus from a normal level, with a 
flow from 20 to 270 mgd, was needed. 

At that time no machine was avail- 
able that would combine with the syn- 
chronous motor and the magnetic 
drive to automatically obtain the step- 
less regulation of pump speed for 
holding the suction well within the 
desired limits. One was developed, 
however, and this pumping plant has 
now been in successful operation for 
four years. Since the author described 
this installation in an article published 
in the October 1949 issue of Water 
and Sewage Works, entitled, “First 
Magnetic Drives for Sewage Pumps,” 
only the fundamental design of the 
flow control is described here. 


ne a 


N. J 


Harrison 


Flow Control Unit 


The flow control unit 
a 14-inch diameter aluminum float 
which is raised or lowered by the 
water level in the pump suction well. 
It is suspended by a chain, riding on a 
sprocket wheel and having a counter- 
weight on the other end. The sprocket 
wheel is attached to a horizontal shaft 
with a cam disc, rotating with the 
sprocket as the water level changes. 

A potentiometer regulates the speed 
of the magnetic drive. Four of them 
(one for each unit) are located on 
shafts parallel to the main shaft of 
the flow control. Two potentiometers 
on each of the two shafts control the 
four pumping units. The motion of 
the cam shaft is transmitted to the 
potentiometers by a cam follower 
guided in the groove of the cam disc. 
Thus, the rotation of the disc gives a 
reciprocating motion to a rod hinged 
to the cam follower. 

A rack on the rod engages two 
gears on the potentiometer shafts, re- 
sulting in a rotary motion of the po- 
tentiometers. This regulates the 
magnetic drive. Mercury switches 
mounted on the end of the main shaft, 
opposite the sprocket wheel, provide 
for automatic starting and stopping 
of the drive. They also operate indi- 
cator lights mounted on the panel 
board. Over-travel on the cam disc is 
provided to hold at maximum or min- 
imum pump speed beyond the range 


consists of 


MAGNETIC DRIVES provide multi-speed sewage pumping contro! at St. Louis (left) and Boston (right) 
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PHILADELPHIA, PA. One of ten Worthington high lift 
centrifugal the Torresdale Pumping Station. 
Capacity of this pump is 40 MGD 


pumps at 


MIAMI, FLA. One of four Worthington 15 MGD pumps 
driven by a Worthington diesel engine at the new Alexander 


Orr, Jr., Water Treatment Plant. 


NIAGARA FALLS, N. Y. Worthington high lift pumps in the 
Water Filtration Plant. In all, there are ten Worthington 
pumps, 15 to 30 MGD each. 


SHARON, PA. Two Worthington two-stage centrifugal 
pumps at the Sharon Valley Water Company. Capacity of 


the units is 2 MGD and 4 MGD each. 


Reliability proved a thousand times a day 


You benefit 3 ways when you deal with Worthington— 
world’s leading builder of water works equipment 


High output and low costs. Literally thousands of municipali- 
ties from the smallest to the largest have found that they get 
high volume output and low operating costs when they install 
water works equipment by Worthington. Every day, the reli- 
ability of this equipment is thoroughly proved in installations 
like those pictured here. 

An unbiased recommendation. Because Worthington makes all 
types of pumps and drives, you get the advantage of an equip- 
ment recommendation based on a broad look at all available 
ways of doing the job. Trained specialists will help you analyze 
your requirements and select the proper equipment. 


Unit responsibility. You do business with one company —elimi- 


nating delays and inconvenience that can occur when you are 
forced to co-ordinate the efforts of several suppliers. Unit 
responsibility by Worthington saves you time and money. 

Some of the water works equipment built by Worthington 
include: horizontal and vertical centrifugal pumps; vertical 
turbine pumps; diesel, gas and dual fuel engines; steam turbines; 
speed increasing gears; and water meters. 

For more information on any of these products, call your 
nearest Worthington District Office, or write Section W66, 
Worthington Corporation, Public Works Department, Harrison, 
N. J. In Canada: Worthington (Canada) 1955, Ltd., Toronto, 
Ont. W.6.€ 


WORTHINGTON 


——— 
i 
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ALL MAJOR PUBLIC WORKS EQUIPMENT UNDER ONE RESPONSIBILITY 
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RECYCLING 
MOTOR 


COUNTER 
WEIGHT 


}SwiTCH- 
| BOARD 


RECYCLING flow control actuated from pressure on discharge when pumping through force 


main 


CONTROL 


POTENTIOMETERS 





SOLENOID VALVE 























RECYCLING flow control actuated from vacuum at siphon invert 





TABLE | 
Data on Pumping Units Described 





Units 


Station — 


No. 


Size, in. 


Head 
Range, 
Max. ft 


Capacity, mgd* 


Min. 





48 
30 


Boston, Mass. (Nut Island) 

Camden, N. J 

St. Louis, Mo. (River des Peres 
Station No. | 36 
Station No. 2.... 42 


New Rochelle, N. Y. 16 


8-10.3 
40-41 


20 
15 


90 
30 


12-37 
53-66 
25-34.5 





Each unit. 





of the speed variation. This is neces- 
sary to allow the level in the suction 
well to temporarily rise or fall beyond 
the operating range. In this way, the 
contact switches for starting or stop- 
ping successive units will function 
properly. 


Unit Improvements Provide 
For Recycling 

Since the installation of this unit at 
Nut Island, the general appearance of 
the flow control has been improved 
and new features included that pro- 


R-31 


vide for recycling and other special 
conditions. It is, of course, not always 
practical to hold the suction well level 
constant (or practically so), as is done 
at Nut Island. 

Variations in the design of the cam 
disc to provide for lesser or greater 
speed variation and the amount of 
under- and over-travel, will meet some 
conditions without provision for re- 
cycling. Where conditions require 
wide variations in the suction well lev- 
el, or the head against the pump dis- 
charge varies, recycling of the flow 
control is necessary. 

Recycling is accomplished by chang- 
ing the relation between the sprocket 
wheel on the main shaft and the posi- 
tion of the potentiometers operating 
the magnetic drive. The nature of the 
hydraulic problem determines how the 
recycling will be done. In some cases, 
the torque initiating the motion of the 
potentiometers is obtained from the 
float in the suction well; in others, by 
the variation in discharge pressure. 


Other Installations of Flow Control 


Other installations of the flow con- 
troi unit have more recently been 
made in the sewage pumping stations 
of Camden, N. J., New Rochelle, 
N. Y., and St. Louis, Mo. Because 
the hydraulic problems in each case 
are different, the solutions are inter- 
esting and should be noted. 

At the Camden plant there are no 
comminutors discharging into the 
pump suction well. The well is con- 
nected to a long sewer of 7-foot diam- 
eter. There are four pumping units, 
three of which are for maximum flow 
(similar to the Nut Island plant). The 
change in suction well level is 4.5 feet 
from minimum to maximum flow. 
Each unit operates over a range of 
1.50 feet before recycling begins. The 
suction well level is at maximum at 
full flow with the three units in opera- 
tion, and at the lowest level when only 
one unit is in service. 

As the pumps at Camden and Nut 
Island discharge to sewage treatment 
plants at a fairly constant discharge 
head, the flow controls used are simi- 
lar except for the recycling feature in 
the Camden control. This is accom- 
plished by a 1/12-hp reversing motor 
mounted on the control. It changes the 
relative position of the sprocket wheel 
with the potentiometers at each 1.5- 
foot increment of suction well level. 

When the maximum capacity of 
one unit is reached, the speed is im- 
mediately reduced, the second unit is 
started, and the load becomes equally 
divided between the two. Similar divi- 
sion of the load occurs when the third 
is placed in service. Thus, stepless 
control of the flow over the entire 
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range prevents any sudden change in 
the rate of flow to the treatment plant 


Methods for Providing Recycling 


meth 
cle ve loped to provide 
flow control; others 


tical if the hydraulic 


owing thre 


otor that changes the rela 

the float in the suction 
> potentiometers, automati 
ng the magnetic 


ges in speed 


drive to 


A pressure pot with switch on the dis- 
charge side of the puinp, which acts as a 
pilot to the recycling motor, independent 
of the suction well level. 

\ vacuum line from invert of discharge 
siphon and a mercury tube, providing 
power to operate the potentiometers for 
the magnetic drive. This device also 
yperates independently of the suction 


1 


we level 


Advantages of Flow Control 


The advantages of automatic con- 
trol for the operation of pumping 


plants are 


l. Reduced labor costs. 


2. Ability to operate a plant having a wide 
variation at the rate of flow or pumping 
head at maximum efficiency point with 
one or all units in service with a mini- 
mum of over- or under-pumping. 
Avoids sudden changes in rate of flow to 
sewage treatment plant. 

Eliminates frequent on-and-off operation 
of plant, with resultant power inrush at 
starting. Another factor toward reduc- 
tion in cost of power. 

Maintains proper sedimentation of solids 
in sewage treatment plants. 


The pertinent data on the pumping 
units at the installations mentioned im 
this article are given in Table 1. 
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Milwaukee added 40 mgd to its pumping capacity by installing this 60- 
mgd Allis-Chaimers centrifugal unit in the space formerly occupied by 
one 20-mgd pumping engine. This new unit is driven by an Allis-Chalmers 
3700-hp steam turbine and is also supplied with an A-C condenser. 


Allis-Chalmers can supply a major percentage of the 
equipment needed for sewage plants, water works, 


municipal power plants, street and highway construc- 
tion, and other public works. See the three following 
pages for further information on A-C equipment. 


The record of Allis-Chalmers in building centrifugal 
pumps speaks for itself. Of thousands built, no A-C 
centrifugal pump has ever failed to meet its guaranteed 
efficiency. This means that when you specify Allis- 
Chalmers you are getting exactly what you intended to 
buy . . . exactly what you need. 


Hundreds of cities . . . large and small . . . are already 
profiting from the efficiencies of Allis-Chalmers pumps. 
The range of types and capacities of A-C pumps will 
meet the needs of any city. There are special pumps for 
water supply, fire protection, sewage, and drainage. 
Sizes range from small compact units handling only a 
few gallons per minute to huge 72-inch pumps capable 
of handling 300,000 gpm. 


Also worth while remembering is that you can get 
the entire pumping unit from Allis-Chalmers . . . for 
this company builds motors of every type, for operating 
every size of pump. You can also get the proper A-C 
starter for controlling the motor. 


25C€6607D 





Hou to make 


SEWAGE DISPOSAL 


PAY! 


By-products can help pay part of sewage 
system expansion costs. Here’s how... 


The flow sheet at the right shows two modern treatment methods 


that use by-products to help meet expansion costs. 


@ Some cities, through the sale of fertilizer, are recovering a 


large percentage of the cost of operation. 


Other cities are using digester gas to supply most of the 


sewage power and light needs. 


Many industrial sewage plants are paying their way with 


similar improvements 


@ The increasing use of home garbage disposal units is aiding 
many municipal plants to increase their by-product value. 


Get Help on Your Problem 


Allis-Chalmers, builders of the world’s widest range of public works 


equipment for your particular needs. For complete information on 


any of the Allis-Chalmers items shown here . . . call your nearby 
Allis-Chalmers District Office or write Allis-Chalmers, Milwaukee 1, 
Wisconsin 


Some A-C Products for 

Sewage Works 

CENTRIFUGAL PUMPS—Vertical 
or horizontal, for sewage and ac 
tivated sludge 

BLOWERS—For sewage aeration 

ROTARY VACUUM PUMPS—For 
use with vacuum filters in dewater 
ing sludge 

ROTARY COMPRESSORS—For 
compressing digester gas 

DRYERS—For sludge dewatering 

VIBRATING SCREENS — For re- 
moving solids from liquids; also in 
fertilizer manufacture 

SIFTERS—For grading fertilizer 

ROLLER MILLS—For grinding fer- 
tilizer 

V-BELT DRIVES—Constant and ad- 
justable speed 

MOTORS AND CONTROL—For 
all drives over 1 hp 

POWER EQUIPMENT—Steam tur- 
bines, condensers, pumps, water 
conditioning. 

ELECTRICAL EQUIPMENT— 
Transformers, switchgear, circuit 
breakers, unit substations, genera- 
tors, voltage regulators 


Allis-Chaimers 16 by 14-in. vertical 
sewage pump on combined storm and 
sanitary sewer main. 





FROM BAR 
SCREEN All equipment shown in gray 


built by Allis-Chalmers. 
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Electricity ROTARY VIBRATING ROLLER LOW-HEAD 
DRYERS SCREEN MILL SIFTER 


ALLIS -CHALMERS 





Rear view of 3000-kva, 4160-2400-volt unit sub- 


station with both incoming line section and distribution feeder 
section consisting of metal-clad switchgear. 





Allis-Chalmers outdoor substation protects and con- 
trols the electrical power supply for a pumping station. 


rs 


MOTOR CONTROLS: Dependable start-stop 
control for all sewage processing apporatus, 
in both single and grouped units. Simplified in- 
stallation requires only connection to leads for 
operation. Expandable design permits easy 
addition of more cubicles when required. 


Chiorexto! is an Allis-Chalmers trademark 


ALABAMA 


Te 
Birmingham 3, 2000 First Ave., North.............. 


ARIZONA 


Phoenix, 3300 N. Central Ave.......Crestwood 4-5426 


.Madison 6-2231 
..BElmont 4-4684 
San Francisco 7, 650 Harrison St.....Douglas 2-8384 


CALIFORNIA 
Los Angeles 13, 417 S. Hill St. 
San Diego 1, 747 Ninth Ave 


COLORADO 


Denver 4, 655 Broadway Building....Cherry 4-6556 


a Chapel 6-5675 
State 7-1176 MIL 


CONNECTICUT 
Hartford, 750 Main St.... 
New Haven 10, 263 Church St 


DISTRICT OF COLUMBIA 


Washington 5, 14th & H Sts., N.W., Executive 5-2800 


FLORIDA 


Jacksonville 7, 1628 San Marco Boulevard... 
EXbrook ry 6441 

ae 9-3691 
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denser and boiler feed pumps, water con- 
ditioning service and equipment 


The range of electrical products in- 
cludes all types and sizes of motors from 
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Allis-Chalmers indoor and outdoor 
high and low voltage switchgear provides 
maximum protection and flexible control 
of power distribution circuits. All units 


are metal enclosed, factory built, so they 
need only be bolted in place and lines 
connected. Switchboards are custom built 
to fill your needs. 


A-C builds a complete line of power 
and distribution transformers. Most sizes 
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It Pays to Replace an Old Pump 


When the cost of operating an old pump exceeds the cost of a modern replacement 


IGGING into the economics of 
D operating an old pump frequently 
turns up highly profitable informa- 
tion. Often what appears to be “satis- 
factory performance” may be actually 
blinding us to the real costs. Reduc- 
ing day in and day out operating costs 
can very well effect savings more than 
sufficient to finance a modern pump 
and also produce savings even beyond 
the important power cost reduction. 
A pump may still be delivering de- 
signed capacity and head despite its 
age. It is this fact, the seemingly 
satisfactory performance of the pump, 
that protects from closer scrutiny its 
reputation as an “old faithful.” Grad- 
ual decreasing efficiency is not always 
noticeable. Nor, are power costs loc yk 
ed upon as excessive unless totaled up 
over a span of years and compared 
with the overall expense of investing 
in a new pump. Pump manufacturers 
have in recent years come a long way 
in designing more efficient units to 
reduce overall operating costs 


Consider the Last Quarter 
Century of Progress 

Consider a motor driven pump 
built in 1928 to handle 2,500 gpm 
against 150’ total head. When origi- 
nally built, it had an efficiency of 78% 
requiring an input of 121 bhp. Due 
to wear and tear, and if no revolving 
parts have been replaced, it could be 
expected that the pump in 1953 would 
have an efficiency of about 74%, and 
would require 128 bhp to deliver the 
designed capacity and head. Note the 
moderate 4% loss in efficiency—ap- 
parently nothing to get excited about. 

\ modern 1954 pump for these 
same conditions could be expected to 
have an initial efficiency of 86%, re- 
quiring 110 bhp. This 12% efficiency 
difference represents a possible sav- 
ing of 18 bhp. Based on a power cost 
of lc per kwh. savings in power cost 
for one year (8760 operating hours) 
is $1176.00. 


Application of the $1176 Annual 

Savings to Financing a New Pump 
The cost of a new 

plete unit, and the time it would take 


pump or com- 


by C. E. CROMWELL 


DeLaval Steam Turbine Co., Trenton, N. J. 


to pay for it from the operating-sav- 
ings gained over old existing pump 
are shown here. The following figures 
are based on Ic per kwh, or $.00746 
per hp. (Additional costs for freight- 
age and for changing foundation and 
piping must, of course, be included 
in arriving at the total cost figure.) 


New Pump Unit Costs 





Price (estimated) of new pump, 

base, coupling ....... err. 
Price (estimated) of 125-hp 440-v 

1750-rpm motor 1390 
Price (estimated) 

age starter 


motor, 
$3798 


otal 
Starter 


cost new pump, 


Hours of Operation per Year 


8760* 6500 4000 





Savings will pay 
lor pump, 
and coupling in.13 mos. 17 
Savings will pay 
for complete unit 
i! .39 mos. 


base 
mos. 28 mos 


52 84 mos 


mos. 


*Continuous operation of single unit 


Even if renewal parts for the 1928 
pump could restore its original effi- 
ciency of 78%, it still requires 11 
hp more than the new pump. Based 
on 8760-hr. operation per year, power 
cost of old unit is still $719 more. 

Depending on how out of date the 
pump parts are, they might be rela- 
tively expensive, compared with the 
cost of a modern pump 


A Surprise to Some: 
Perhaps to Many 

If the amount saved each year on 
power cost were set aside to accum- 
ulate interest, the total will then rep- 
resent an amount that will pay for 
all or part of the cost of a new unit. 
If the pump owner’s practice is to 
consider relatively long term write- 
offs, these saving may well be suf- 
ficient to pay for the new unit and 
also for other additional capital ex- 
penditures. 

A municipality figures in terms of 
bond issues of 15 years or more and 


even at presently favorable interest 
rates of 3% a small annual saving, 
based on the preceding example, soon 
pays for the original investment. In 
fact, many cases would show that by 
the end of a 15 year term such savings 
would represent the write-off of a 
much larger capital expenditure. Take 
the $1176 saved on power cost with a 
new pump, as shown: If, for a munici- 
pality, this amount were set aside to 
accumulate interest at 3% com- 
pounded annually for 15 years, it may 
surprise some to find that a capital 
investment of $21,871 could be writ- 
ten off. 

Some operators of central-station 
power plants believe that in a new 
station a unit that pays for itself in 
8 to 10 years is a good investment. 
When replacing old equipment, the 
expected life of the plant may reduce 
the length of write-off that can be 
considered. This premise must be con- 
sidered throughout industry, regard- 
less of the products. 

Chemical companies or oil refiner- 
ies prefer to write off investments in 
3 to 4 years, or possibly 2 years. A 
company capitalizing the 
for four years could 
only write off an investment of 
$4994.00. Even so, the practice of 
rapid write off is followed in general. 


chemical 
savings at 4% 


Calculating Savings 


Calculation of cost 
and capitalization 
made quickly by using the accom- 
panying chart. First compute the 
horsepower savings and multiply the 
results by yearly hours of operation. 
This chart can be used for quick ap- 
proximations and can be read within 
about 2% accuracy. 

The diagonal lines represent “horse- 
power savings.” The abcissa shows 
“hours per year” of operation. Read- 
ing vertically up the “hours per year” 
to the “horsepower savings,” to the 
left ordinate is the “annual savings” 
in power cost, and to the right ordi- 
nate is the “capitalization amount.” 
Shown are 3 right hand ordinates, 
each for different interest rates and 
terms of years. 


power 
amounts 


Savings 


can be 
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PUMPING PROBLEMS? 
BRING THEM TO 


W.&S.W 











BJ SUBMERSIBLES 

Byron Jackson manufactures all three 
basics of a submersible ...the PUMP... 
the SEAL...and the MOTOR... and 
combines them in BJ Submersibles and 
Subettes. Complete range of sizes and 
types. or toe = range from 30 to 20,000 
gpm, and heads up to 1800 ft. BJ Sub- 
mersibles can be applied to all deepwell 
problems. 


ee 


BJ SUBMERSIBLE BOOSTER PUMPS 
Complete pumping stations can be placed 
underground, under streets, parks, etc. 
Eliminate real estate investment eco- 
nomically boost pressure for sub-division 
expansion, etc. 


BJ LAKE AND RIVER INTAKE PUMPS 
These pumps eliminate high or low water 
and icing problems on lake and river 
intake installations. Capacities to 20,000 
gpm. Offer big savings on installation due 
to simplified structural needs. 


BJ 

HYDROPRESS PUMPS 
Double-case pumps 
suitable for hydraulic 
boiler feed and 
descaling operations, 
other high-pressure, 
low-Capacity water 


press, 


pumping requirements. 
Capacities to 500 gpm 
Head range 55 to 400 
It. per stage (to pres 


5.000 psi). 





a 


me ee eee eee e*eee 


BJ MECHANICAL SEALS 
High precision seals which 


replace standard packing 
in stuffingboxes. Types to 
fit all centrifugal pumps. 
Available for handling 
different pressures, tem- 
peratures and liquids. 
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BJ VERTICAL 
PROPELLER PUMPS 
Single-stage 
medium to 


SINCE 1872 


—— 


high capacity 
jobs with low heads. Ca 
acities to 120,000 gpm 
Heads to 40 ft. For drain 
age, river-intake, dewater 
ing, irrigation 
dapted to special needs 


BYRON JACKSON IS READY TO WORK WITY 

YOU ON YOUR PUMPING PROBLEMS... 

1. BJ supplies a complete line of centrifugal 
pumps and ical seals. 

2. BJ can ineer any special pump to the 
required capacity, head, pressure and power. 

3. BJ has competent sales engineers in 36 cities 
throughout the country. 

4. BJ backs you b rts and service facilities 
ofa long-established nation-wide organiza- 
tion (since 1872). 





BJ DEEPWELL TURBINE PUMPS 
Bowl and impeller assembles to meet 
every deepwell need. Standard mod- 
els for wells 6”, 8”, to 24” dia., ca- 
pacities to 7,500 gpm, heads to 600 
ft. “Bee Jay” models for 4”, 5”, and 
6” dia. Choice of water or oil-lubri- 
cation. 





BJ BILTON PUMPS 

General purpose pump with 
close-coupled motor pump 
unit. Mounts in any position. 
No rigid foundation needed. 
Ideal for portable service. 
Capacities to 2000 gpm, 
heads to 520 ft. Wide range 
of sizes. 


BJ VERTICAL 
CIRCULATING PUMPS 
Single or multi-stage. For 
pumping medium to high 
capacities of water. Two 
size ranges. Capacities to 
45,000 gpm. Heads to 40 
feet. Saves space, simpli 
fies piping. For dewater- 
ing, drainage, river-intake 
and circulating 


pumps. For 


etc. Easily 


Byron Jackson Pumps, Inc. 


DIVISION OF BORG-WARNER CORP. 


P. ©. BOX 2017, TERMINAL ANNEX 
LOS ANGELES 54, CALIFORNIA 
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CHART—For calculating power cost savings and capitalization amounts. 


Compute horsepower savings and multiply t 
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0 
the Widest Range of 


TOP QUALITY PUMPS 
FOR SEWAGE AND 


SLUDGE HANDLING 


DESIGNED 
for SP 


OSEN 
a for performance 


ecific operation 


SP-5 SEWAGE AND SLUDGE PUMP 


Specifically designed to operate at heavy duty, high 
head application in handling of raw sewage and all 
types of sludge, the SP-5 is recognized as unique 
among sewage equipment. By design it is particu- 
larly adapted for pumping sewage or sludge over 
long distances. For this service the SP-5 has been 
tried and proven successfully over a period of more 
than fifteen years. 


FLUSH-KLEEN® SEWAGE EJECTORS 


Flush-Kleen sewage ejectors can't clog because rags 
never reach the impeller. Specially designed strain- 
ers in the discharge line retain all coarse matter. 
Sewage flows over the strainer and through one of 
the pumps to the wet well. When the pumps oper- 
ate alternately they pump only strained sewage. No 
rags or coarse material ever pass through the pump 
casing. Each strainer is automatically flushed clean 
during its pumping cycle. 


SCRU-PELLER® SLUDGE PUMPS 


Scru-Peller pumps are designed specifically for 
pumping primary sludge, are positive in operation 
and truly clog-proof. Continuous multiple shearing 
action is provided by stellited cutting edges of the 
screw and eight stellited cutting bars positioned in 
the screw and pump housings. Heavy-duty ball 
bearings at each end of the screw and impeller shaft 
eliminate strain and vibration, permitting pump to 
withstand sudden and severe overload shocks. 





CHICAGO PUMP COMPANY 


Sewage and /Inovstrial Waste Equipment 


622 Diversey Parkway 
Chicago 74, Illinois 


Subsidiary of Food Machinery 
& Chemical Corporation 


always specify Chicago 


W.&S.W REFERENCE & DATA—1957 








TABLE |* 


%, Interest Rate/Annum, Compounded Annually 


49505 
.32675 
24262 
15853 
11651 
09133 
07456 
.06260 


49261 

32353 
.23903 
.15460 
11246 
08723 
.07046 


05377 


48544 
31411 
.22859 
.14336 
.10104 
07587 
.05928 
.04296 


48780 
31721 
.23201 
14702 
10472 
.07950 
.06283 
.04634 


49020 
32035 
.23549 
.15076 
10853 
.08329 
.06655 
04994 


*Annual Savings divided by factors in table equals sum including interest accumu- 


lated for number of years and interest rate selected. 





The chart is based on cost of power 
at $.01 per KW. If in a particular 
locality power cost is more or less, 
simply multiply answer from the chart 
by the ratio to actual cost; i.e., if the 
cost is 12 mils per KW, multiply by 
1.2; if the cost is 9 mils per KW, 
multiply by 0.9 


Examples 

The following examples are taken 
from records to show what improve- 
ments in efficiency have been made 
and the savings and capitalization 
amounts are taken from the attached 
chart. 


1. Service WATER Pump. Consider a 
pump installed in 1926 having an 
efficiency of 70% and an input of 
28.9 bhp. A modern pump for the 
same conditions (400 gpm, 200 ft. 
total head) has an efficiency of 
79% and an input of 25.6 bhp. This 
is a 3.3 bhp saving. Annual saving 
if service water pump runs 6000 
hours per year is $150. Capitalized 
in 4 years at 4% interest the total 
amount is $630. The estimated 


price of a new pump for these 
operating conditions is $438. © 
301LER FEED Pump. 400 gpm, 650 
total head at 220 F. 


year 1930, efficiency 63%, 99.5 bhp 
year 1953, efficiency 69%, 91.0 bhp 


saving of 8.5 bhp 


Annual saving if pump operated 
8760 hours per year is $560. An- 
nual savings capitalized in 10 years 
at 4% represents a total of $6700. 
Estimated cost of new pump is 
$1101. 

WateR Works Pump. 15 mgd 
(10,400 gpm), total head—z200 ft. 


year 1926, efficiency 84%, 625 
year 1953, efficiency 89%, 590 


bhp 
bhp 


saving of 35 bhp 


Annual saving if pump operated 
5000 hours per year is $1300. An- 
nual savings capitalized in 15 years 
at 3%, represents a neat total of 
$24,177. Estimated price of new 
pump is only $4054. 
When accurate calculations are re- 
quired for fornial presentation, an- 
nual savings are obtained by multi- 
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plying horsepower savings by yearly 
hours of operation by cost per horse- 
power hour. (kwh cost x 0.746). The 
annual savings divided by a factor, 
based on terms of years of interest 
rate will give the capitalization 
amount. Table 1 lists these factors for 
various terms and interest rates. 
These can also be used for terms other 
than those shown on the chart. 

Undoubtedly, most plant engineers 
in industry and municipalities realize 
that the wasted costs of operating old 
equipment could very well represent 
the purchase price of new equipment. 
But management officials must be 
shown why the purchase of modern 
equipment is a wiser investment than 
the continuing costs of operating old 
equipment. 

If power and depreciation should 
be negligible factors (seldom the case ) 
there are still repair costs of some 
kind to consider. Obsolete parts are 
not only more expensive but require 
extended delivery time. Should pro- 
duction losses occur because of the 
delay in obtaining obsolete renewal 
parts, the losses are chargeable to the 
old pump. The cost of modern re- 
newal parts, for which patterns are 
available and the parts are in stock, 
represent very tangible savings when 
compared with the cost of obsolete 
parts. Actually, sometimes a modern 
pump can be purchased at prices equal 
to or even less than the cost of ex- 
tensive renewal parts for an old pump. 

The chart and examples shown here 
should help engineers and managers 
or other officials gain a graphic in- 
sight into economics of pump de- 
preciation, deterioration and obsoles- 
cence. They will also show how the 
higher operating costs entailed by 
these three factors could be converted 
into appreciable yearly savings to 
make modernization pay its own way. 
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Pump Motor Starting Problems 


by M. C. BOGGIS and E. O. POTTHOFF 


Sewage and Water Works Application Engineers, General Electric Co., Schenectady, N. Y. 


T HE MAJORITY of pump motor 
applications in water and sewage 
plants do not involve a starting prob- 
lem. Nevertheless, in many installa- 
tions the torque requirements of the 
inrush limitations 
motor such that 
careful investigation of the starting 


the 
the 


pump and 


placed on are 
method is warranted to determine if 
satisfactory starting will be obtained. 
Typical of a problematical application 
might be a water booster station, like- 
ly to be located in a residential area 
and supplied with power from a resi- 
with attendant strict 


dential feedet 


requirements to minimize voltage dis- 
turbance. 

An investigation to determine the 
ability of a motor to break away the 
pump from standstill and accelerate 
to running speed should include con- 
sideration of motor and pump char- 
acteristics, types of starting equip- 
ment, and effects on the power system. 

The proper selection of motor 
torques and starting method for a 
given application may involve a com- 
promise between established load 
torques and inrush limitations. Pump 
starting torques, in most cases, are 
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PERCENT SPEED 


Fig. 1.—PUMP starting speed-torque characteristics 
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rigidly fixed for a given pump type, 
which in turn was selected to accom- 
plish a specific hydraulic job. As will 
be shown, pump starting torques must 
not be arbitrarily considered incon- 
sequential, because considerable vari- 
ation in starting torques exists be- 
tween different types of pumps and 
starting under different hydraulic 
conditions. 

Limitations on starting inrush may 
be placed by a power company or 
forced by local plant conditions. The 
latter is exemplified in the case of a 
station served by a “soft” power sup- 
ply which would experience severe 
voltage dips when motors are started 
unless a reduced inrush starting meth- 
od were used. The adverse effects of 
such voltage dips will be discussed 
later 

Briefly, the job of resolving a pump 
motor starting problem is covered by 
four points, as follows: 

1. Determine specifically which 
pump starting characteristic is appli- 
cable. (Typical characteristic curves 
should not be used except on a pre- 
liminary basis. ) 

2. Determine if any starting cur- 
rent inrush limitations apply. 

3. If a squirrel cage induction 
motor is best suited to the application, 
determine if it will accelerate the load 
while meeting any required current 
inrush limitation. 

4. If chosen for other reasons, de- 
termine proper synchronous motor 
torque values or wound-rotor induc- 
tion motor starting characteristics. 

In this article characteristics of the 
following motors and pumps will be 
discussed : 

1. Induction motors through 500 
hp, 720 to 1,800 rpm. 

2. Synchronous motors 200 to 
3,000 hp, 200 to 1,800 rpm, 1.0 power 
factor. 

3. Centrifugal and axial flow 
pumps under various discharge ar- 
rangements and conditions. 


Pump Starting Characteristics 


The starting speed-torque charac- 
teristic of a pump is governed by two 
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PERCENT SPEED 


Fig. 2—TYPICAL CURVES showing starting speed-torque values of an adjustable 
pitch axial flow pump at both limits of impeller pitch and with tilting disc check 


valve in discharge line 


factors—the type of pump impeller 
and the hydraulic conditions while 
starting. The latter includes an open 
or closed pump discharge valve, or de- 
watered pump casing. 

Impellers can be classified on the 
basis of their performance and pro- 
portions regardless of actual size or 
their operating speed by the term 
“specific speed,” commonly used 
among pump designers. This is de- 
fined as the speed at which the im- 
peller, if reduced in size proportion- 
ately, would deliver 1 gpm at a total 
head of one foot. The mathematical 
expression for the term is: 

NVQ 
N,.= 3/4 


In which 


N = speed, in rpm ; 
Q = capacity, in gpm; 
H = head, in ft. 


The starting speed-torque curve A 
(Fig. 1) is representative of a radial 
impeller pump (specific speed ap- 
proximately 500 to 3,000) under 
closed-discharge conditions. The 
open-discharge curve is also shown. 
Although breakaway torque is the 


same for either discharge condition, a 
large difference in torque develops as 
speed increases with an open-dis- 
charge torque twice that of closed- 
discharge at full speed. The dotted 
line intersecting the closed-discharge 
curve at approximately 85 per cent 
speed represents the approximate 
torque load when a tilting disc check 
valve is used which opens when the 
discharge pressure exceeds the line 
pressure, 

Curve B of Fig. 1 illustrates the 
closed-discharge speed-torque curve 
for a Francis-type impeller (specific 
speed approximately 1,500 to 4,500). 
Note that the closed-discharge torque 
values are somewhat higher than 
those for the radial impeller. 

Mixed-flow pumps (specific speed 
approximately 4,500 to 8,000) pose a 
difficult problem in starting because 
of their high torque requirements at 
full speed. Curve C of Fig. 1 illustrates 
closed-discharge starting torques. This 
curve represents the upper limit of 
torque at full speed, which may range 
from 100 to 130 per cent. Because 
closed-discharge starting is the most 
common usage, care must be exer- 
cised in applying synchronous motors, 
particularly, due to the high pull-in 
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torques (load-torque at approximate- 
ly 100 per cent speed) required. 

The axial-flow or propeller pump 
(specific speed approximately 8,000 
and above) develops pressure head by 
imparting a helical motion to the fluid 
rather than by centrifugal force. The 
speed-torque curve in Fig. 1 (curve 
D) is representative of an axial-flow 
fixed-vane pump closed-discharge 
starting characteristic. The potential 
starting problem under closed-dis- 
charge conditions is obvious. These 
pumps are also available in an adjust- 
able-vane construction which provides 
a range of capacity and head condi- 
tions using a constant-speed drive. 
The speed-torque curves of such a 
pump starting against a tilting-disk 
valve are shown in Fig. 2, for the 
vanes in both limits of pitch adjust- 
ment. 

A siphon discharge arrangement is 
commonly used in large drainage 
pump installations. The siphon dis- 
charge configuration is shown in Fig. 
3, along with a representative starting 
speed-torque curve. The curve has a 
reverse bend at about 80 per cent 
speed, when water starts to spill into 
the drop-leg of the siphon, and then 
drops abruptly to normal torque at 
full speed when the siphon is estab- 
lished. If a synchronous motor were 
used as a drive, the load torque to be 
pulled into step would be roughly 115 
per cent of rated full-load torque. 

Occasionally pumps have been 
started with dry casings so that 
torques can be reduced to a minimum. 
Fig. 4 shows the low torques that can 
be expected with such an arrange- 
ment. To start a pump with a dry 
casing obviously requires a closed 
suction, or it must be unprimed if 
there is no positive suction head and 
a source of cooling water must be 
provided for shaft seals and wearing 
rings during starting. 


Motor Starting Characteristics 


NEMA design B squirrel cage in- 
duction motor characteristics are 
standardized as to locked-rotor torque 
and current and maximum torque. 
For water and sewage pumping, mo- 
tors conforming to NEMA design B 
have proven to be the most satisfac- 
tory. 

In a synchronous motor the amor- 
tisseur winding (starting winding) 
is electrically separate from the main 
field winding, allowing its design to 
be modified within limits, thus chang- 
ing the starting and accelerating char- 
acteristics without affecting the run- 
ning characteristics. Lower than 
standard inrush current is obtained at 
the expense of lower torques through- 
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out the starting range, including pull- 
in torques; therefore, a realistic bal- 
ance must be achieved in specifying 
high acceleration torques and low in- 
rush currents 

Synchronous motor torques, suit- 
able for a specific application, may be 
selected by dividing the required 
torques by the square of the ratio of 
actual voltage at the motor terminals 
to motor-rated voltage. The most sig- 
nificant pump torques are those at 
breakaway and approximately 97 per 
cent speed [he calculation of actual 
voltage at the motor terminals must, 
of course, include system voltage dip 
and any voltage reduction as the di- 
rect result of the starting method to 


urves in Fig. 5 may be con- 
sidered typical of the starting char- 
acteristics of a low speed, vertical 
synchronous motor in a large rating. 
The torque curve shown represents 
gap torque through the starting 

re rather than shaft torque. This 
ntation is desirable for vertical 

nes using plate-type thrust bear- 
because the torque required by 

st bearing is different at 

from that found during 

The air-gap torque 

corrected for the actual 

e machine terminals and 

uired by the thrust bear- 

l racted to determine shaft 

torque. The thrust bearing will take 
approximately 25 per cent of full 


1 
oO 


d torque at breakaway. The shaft 
torque and the air-gap torque are, for 


1 


practical purposes, equal throughout 
7 


the acceleratin; 


y 
~ 


In addition to breakaway torque, 


range 


pull-in torque, and breakdown torque, 
there may be considerable significance 
the actual values of motor torque 
ntermediate speeds, particularly in 
speed motors (1,800 and 3,600 
\ dip in the speed-torque 
generally occurring at 60 to 80 
per cent speed, may prevent accelera- 
tion to the desired speed. For this rea- 
son, the actual motor and pump char- 
acteristics should be used in a difficult 
starting problem solution rather than 
typical characteristics. 

Wound-rotor motor starting char- 
acteristics are adjustable within wide 
limits of torque and current by the 
adjustments of external resistance in 
the rotor circuit. The percentages of 
torque and current at any particular 
starting step are approximately equal 
and are inversely proportional to per 

external resistance. 


Objectives in Limiting Inrush 
[The need for limiting inrush on 
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Fig. 3—STARTING characteristic of axial flow pump with siphon discharge 
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TABLE 1 
Effects of Reduced Voltage Levels 





Percent 
Voltage 


Effects 





97.5 Objectionable lighting flicker 





90 Minimum operating voltage for high bay mercury lamps (sudden dip) 


85 Minimum pick-up for low-voltage a-c contactors (up to NEMA size 5) 
80 Minimum operating voltage for fluorescent lamps 

76 115% loaded induction and synchronous motors stall 

74 Minimum pick-up for high-voltage air break a-c contactor 

70.5 100% loaded induction motors stall 

70 Maximum drop-out for low-voltage a-c contactors (up to NEMA size 5) 
67 100% loaded synchronous motors pull-out 

53 Maximum drop-out for high-voltage air break a-c contactor 





motor starting is determined solely by 
the amount of voltage disturbance al- 
lowable during a starting cycle. The 
interest in the voltage disturbance 
may be that of the local power com- 
pany or of the power user. 

The aims of an electrical utility 
company regarding voltage disturb- 
ance are, for the most part, concerned 
with lighting flicker. Starting inrush 





limitations should not be specific with- 
out reason; the power user is unnec- 
essarily penalized costwise and, per- 
haps, performancewise if this occurs. 

The user’s objective in minimizing 
voltage disturbances within his plant 
are of a somewhat similar nature. 
Table 1 lists the various approximate 
voltage levels at which the corre- 
sponding effects will be experienced. 
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The significance of the pick-up values 
for a-c contactors listed is in reduced- 
voltage starters where the running 
contactor coil must have the minimum 
voltage indicated to allow transfer to 
full voltage. 

With the voltage levels listed in 
Table 1 as the criteria, Table 2 is an 
attempt to generalize on the need for 
reduced inrush starting on the basis 
of the voltage dip incurred on a sys- 
tem by a given motor starting power 
draw (kva). The suggested starting 
methods for the indicated areas must 
not, of course, be taken as the final 
word because of individual circum- 
stances, but it may serve as a guide in 
establishing the need. 

The need for reduced inrush start- 
ing equipment might also be affected 
by the point of measurement and cal- 
culation of the allowable inrush kva. 
If the interested power company spec- 
ifies a kva inrush limitation measured 
at the line terminals of the motor 
starter with rated motor voltage at 
those terminals, the possibility of the 
need for special motor design or 
starting equipment is greater than if 
this measurement were made at the 








TABLE 2 
Need for Reduced Inrush Starting 









Minimum 








Motor Inrush KVA 





System 
Short-Circuit 100 300 
KVA 


500 1,000 1,500 2,000 


3,000 5,000 10,000 20,000 








5,000 
7,500 
10,000 
12,000 
15,000 
20,000 








25,000 
30,000 
35,000 
40,000 
50,000 
60,000 A 
75,000 
100,000 
125,000 
150,000 
200,000 















































7 ene 





























A—Full-voltage starting should be used (voltage dip less than 1.5%). 





B—Full-voltage starting acceptable from power consumer's standpoint (neglecting light flicker) ; power company acceptance dependent 
upon intervening transformers and other connected customers (voltage dip 1.5 to 10%). 

C—Power company will probably insist on reduced inrush starting unless sufficient intervening impedance materially reduces voltage 
disturbance experienced in system (voltage dip 10 to 24%). 

D—Reduced inrush starting desirable from consumer’s standpoint unless no other connected load is involved (voltage dip 25 to 50%). 


E—-Unable to start (voltage dip greater than 50%). 
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primary side of the station supply 
transformers. The intervening im- 
pedance of the transformer acts as a 
starting reactor and may permit full- 
voltage starting equipment in border- 








y 

ses, or change the voltage tap 
1 reduced-voltage starter. 
rated in Fig. 6 
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Inrush Limitation Stipulations 











Power companies may specify an 
inrush limitation in terms of amperes, 
or percentage of motor full load 

nt. An inrush limitation may be 

an incremental value or as 

num value drawn throughout 

*ting period. If, for example, 
itation of 2,000 kva is specified, 
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two possibilities of speed versus 





ire shown in Fig. 7. It is ob- 








us that if the quantitative value of 








oO 


iximum value drawn” limitation 


40 60 
is equal to the value of each increment PERCENT SYN SPEED 
in an incremental limitation, the Fig. 5—-TYPICAL STARTING characteristics of vertical, low-speed, 1.0 power factor, 
maximum value drawn” stipulation synchronous motor 
would be the more difficult to meet 
since it requires acceleration to a con- 26 
siderably higher speed before transi- 
tion to full voltage than the incre- 
mental stipulation. An incremental 
starting stipulation must be further 
defined as to how the increments are 
|: that is, are the increments 
ulative at full value or are they 




















10,000 kva 
I= 7% 


3,000-hp sync. motor; 
full-voltage inrush 
= 16,000 kva 














Inrush limitation = 15,000 kva 


If measured on basis of full 
voltage at motor terminals, 
reduced voltage starting 
required. 


ul 
PERCENT TORQUE X 100 


If measured at transformer 
primary: 


On 10,000-kva base KVA-REDUCED VOLTAGE 





INRUSH -KVA X 1000 





nm 











X, = 0 207 


x° 0.625 








former in series 
10,000 
0.07 + 06625 





a FOROUE-REDLUCED VOLTE 2000 KVA 
Inrush of motor and trans ; MAXIMUM VALUE 
| DRAWN 
































irs aig o % 23 1 ee AE ee 
SPEED-RPM X 100 


Fig. 6——EFFECT of point of measurement Fig. 7—FULL- AND REDUCED-voltage motor characteristics, showing incremental 
on inrush limitations and maximum value inrush limitations 
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Fig. 8—EFFECTS on motor characteristics from various types of reduced-voltage starting methods 


measured as increments above actual 
current at transfer. 

It should be obvious from the fore- 
going that a clear, complete statement 
should be obtained from the power 
company involved on a specific job to 
define their current inrush limitation 
requirements. 


Methods of Reducing Inrush 


The distinct reduced inrush start- 


ing methods are: 


2 TORQUE 


PERCENT CURRENT 


~ 


Line-reactor. 
Auto-transformer. 
Primary-resistor. 
W ye-delta. 
Part-winding. 


mth why 


A variation of the line-reactor 
starter is the neutral reactor starter 
involving the connection of the ex- 
ternal reactor and switching device 
in the neutral of the motor rather than 
on the line side. The advantage of 
this arrangement, discounting cost 

















pe 
10 20 30 40 


| | | 
50 60 60 90 


Bo 


PERCENT SPEED 
Fig. 9—CURRENT AND TORQUE characteristics of a wound-rotor induction motor 


accelerating a radial impeller pump 
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savings which are minor, is found in 
the greater flexibility in location of 
starting equipment compartments with 
possible space savings for a particular 
installation. 

Open-transition auto-transformer 
starting, although generally accepta- 
ble and most commonly used, is some- 
times found objectionable by electric 
utilities because of the momentary 
open circuit at transition to full voit- 
age. This presents an occasional ob- 
jectionable transient current peak 
during the switching operation. For 
this reason, auto-transformer start- 
ers are available in both open and 
closed (Korndorfer) transition de- 
signs. The Korndorfer starter re- 
quires (in addition to the 3-pole main 
line contactor) a 2-pole contactor and 
a 3-pole contactor in the auto-trans- 
former circuit rather than a 5-pole 
contactor used in the open transition 
form. Consideration of auto-trans- 
former starters should be limited al- 
most exclusively to those applications 
involving contactor starting equip- 
ment because of the mechanical dif- 
ficulties and high cost of providing 
the functional equivalent of a 5-pole 
switching device in a circuit breaker 
type of starter. 

The wye-delta starting scheme, al- 
though not incorporating an external 





voltage dropping device, actually has 
reduced voltage applied to its phase 
windings by the wye connection for 
starting on a normally delta connected 
winding. This method, commonly 
but seldom in this 
vides low torque on start- 
ing bout one-third of full voltage 
d no adjustment of the 
is possible after the 
Because of this in- 
flexibility it is not generally recom- 
he current inrush upon 
transition to the delta connection may 
also be 
Part-winding starting is perhaps 
the most controversial starting meth- 
od. The suitability of this starting 
arrangement must be reviewed for the 
specific application. In general, part- 
starting does not offer any 
advantages over reactor starting for 
the typical pump motor application. 
Some of the limitations of the part- 
winding starting method follow: 


urope 


vaiue ) al 
Starting 


motor 1s 
mended 


objectionable 


winding 


~ 


1. Starting torque efficiency varies 
with type and speed of motor. Low- 
speed synchronous motors will have 
full voltage, full winding 
efficiency when started part- 

Higher-speed machines have 
similar to reactor 


essentially 
torg 1¢ 
winding 
a torque efecrency 
starting 

2. Severe torque dips may be ex- 
during part-winding ac- 
of some synchronous and 
motor ratings. This may 
even give the extreme results of nega- 
tive torque in a portion of the speed- 


perienced 


celeratiot 


mdue tion 


torque curve 
and mechanical stresses 
armature windings may be 
than with full voltage, 
Starting 

size in 


3. Thermal 
in the 
more severe 
full winding 

Smaller 


wire armature 


s is necessary in many cases, giv- 
mechanical strength to the 


part-winding arrangements 

possible if the number of mag- 
netic poles in the motor is evenly di- 
visible by 3 or 4. In addition, the 
horsepower rating, voltage rating, and 
number of starting steps required are 
very important 

Che comparative effects on motor 
full-voltage current and 
torque characteristics by the use of 
auto-transformer, reactor and pri- 
starters have been tab- 
reference material many 
times before. Fig. 8 shows the full- 
voltage starting characteristics of a 
500-hp, 900-rpm, 2.3-kv, squirrel cage 
induction motor and corresponding 
resultant characteristics utilizing vari- 
ous forms of reduced-voltage start- 


Starting 


mary-resistor 


ulated in 


ing 


Under conditions of extremely 
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Fig. 1O—-TYPICAL full-voltage characteristics of high-speed synchronous motor 


stringent inrush limitations where no 
other constant-speed motor and start- 
er combination will solve the prob- 
lem, the wound-rotor motor pump 
drive will always provide a solution. 
This drive offers unequaled starting 
torque efficiency, as shown in Fig. 9, 
which illustrates the current and 
torque vs. speed characteristic for a 
wound-rotor motor accelerating a 
radial impeller pump with closed dis- 
charge and drawing no more than 
rated current throughout the start- 
ing range. Higher current peaks will 
be obtained if a higher specific speed 
pump is used. 

In those situations where it has 
been established that reduced inrush 
starting is required, based on a com- 
plete statement of inrush limitations, 


the determination of the optimum 
starting method must be made. 
Based on motor starting character- 
istics of Fig. 8 and 10, and closed- 
discharge pump characteristics of Fig. 
1, reactor and auto-transformer start- 
ing methods were evaluated as to their 
ability to start the motor with various 
inrush stipulations. The results are 
given in Table 3. The lowest per- 
centage kva values permitting start- 
ing are listed, below which starting 
was impossible or very marginal. 
The general conclusions which may 
be drawn from Table 3 are that (a) 
an auto-transformer starter will gen- 
erally involve a lower demand from 
the power supply when starting a 
radial impeller pump and (b) a re- 





TABLE 3 
Determining the Starting Method 





% KVA 


Mixed Flow 
Pump 


Inrush 


Limitation 


Synchronous Motor 


Radial 
Pump 


Induction Motor 


Radial 
Pump 


Mixed Flow 
Pump 





Max. value drawn: 

225 

300 

325 

400 

450 

520 

550 

Incremental 

22 _ 
300 R or AT 
325 R or AT 





R = Reactor; AT = Auto-transformer. 
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Fig. 11—MOTOR AND PUMP characteristics of typical problem 


actor starter will generally afford the 
lowest demand when starting a mixed 
flow pump. There are exceptions to 
these conclusions which may be seen 
in the table, but in most cases the 
relative effectiveness of the two start- 
ing methods may be evaluated as 
stated. 


Typical Problem 


In order to illustrate the method of 
attack the following typical problem 
and solutions are given: 

A municipality wishes to purchase 
a new pumping unit for an existing 
pumping station. The hydraulic re- 
quirements of the pump have been 
determined and an electric motor 
drive specified. 

The 2,400-volt line feeding this 
station has a short circuit duty level 
of 100,000 kva and the starting in- 
rush limitation is specified as 1,200 
kva incremental. 

A 500-hp, 900-rpm, horizontal, 
squirrel cage induction motor is re- 
quired to drive the pump. The start- 
ing speed-torque curve is shown in 


Fig. 11, curve 4. Motor starting char- 
acteristics at full voltage are also 
shown in Fig. 11, curves 1A and 1B. 

With this basic information it is 
possible to proceed with the selection 
of a suitable starting method. 

It is apparent that full-voltage start- 
ing will not be acceptable because of 
the 650 per cent inrush current at 
full voltage. The full-voltage inrush 
of 2,920 kva must be reduced by a 
suitable starting method. The reactor 
starter involves the least additional 
expense over a full-voltage starter, so 
its use should be considered first. 

The reactor tap required to meet an 
initial inrush of 1,200 kva is 1,200 = 
2,920, or approximately 40 per cent. 
The resulting speed-current and 
speed-torque curves are shown in Fig. 
11. It may be seen that the torque 
provided by this voltage tap to break 
away the pump is inadequate and no 
higher tap may be used. The possibil- 
ity of using a reactor starter is there- 
by ruled out. 

An auto-transformer starter is the 
next best choice. This would require 


1,200-100 
a tap of —— or approxi- 
2,920 
mately 60 per cent. The 100 sub- 
tracted from 1,200 kva is the magne- 
tizing kva drawn by the auto-trans- 
former, usually estimated as 25 per 
cent of the motor full-load kva. The 
resulting torque and current curves 
using a 60 per cent auto-transformer 
tap are also shown in Fig. 11. Transi- 
tion to full voltage at 98 per cent 
speed incurs a 400-kva inrush incre- 
ment, which is well within that per- 
mitted by the power company. 


Conclusion 


Although the majority of pump 
motor drive applications do not in- 
volve a starting problem, this does 
not discount the need for careful in- 
vestigation of those applications in 
which inrush limitations are strin- 
gent and/or load torques are severe. 
There exists a considerable number of 
variables in these two factors which 
must be crystallized before the opti- 
mum solution can be reached. 
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Flow Measurement in Water Works" 
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city, or some function of it is 

a fundamental factor in flow measure- 

ment; therefore flow measuring de- 
vices are based on this concept. 

f Flow is the term applied 

measurement of quantity in 

a relatively short period 

per second, minute, 

Flow is the term applied to 

total amount of liquid moved dur- 
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’ Total 

the average rate of flow 


a period of time, 


month, or a year. 


by time 
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works practice are: Cubic feet 
per second (cfs); gallons per minute 
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m); and million gallons per day 
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2. To provide information on op- 
eration efficiency, including unit op- 
erations, filters, filter washing, pump- 
ing, and well operation. 

3. To provide control of unit 
operations, from flow measurements, 
including control of pumps, elevated 
storage tanks, chemical feeders, and 
filter operations. 

4. To ascertain quantity of water 
sold wholesale to another supply, 
retail to individual consumer, and to 
determine non-revenue water. 

5. To determine costs of operation 
including overall costs, costs per mil- 
lion gallons pumped, and costs of unit 
operations. 

6. To provide records of perma- 
nence for health departments, man- 
agement, or owners (either stockhold- 
ers or taxpayers as the case may be). 


Metering Points 


The location of flow measuring de- 
vices depends on several considera- 
tions, but usually not on cost, since 
the total cost of meters is usually but 
a fraction of the total cost of a plant 
or system. 

Individual points of flow measure- 
ment may include the following: 

Source of supply—Letdown from 
reservoir storage, raw surface water 
intake, raw water pump output, both 
individual and total, and well field 
output, both individual and total. 

Treatment— Flow from or to 
groups of coagulation and settling 
basins or softening units; wash water 
to supply tank ; wash water to filters ; 
effluent from filters, individual, 
groups, and total; finished water to 
clear wells. 

Distribution—Gravity transmission 
conduits; high service 
individual and 
storage; and 


mains and 
pump discharges, 
total; elevated tank 
booster pump discharge. 


Devices For Flow Measurement 


Devices used for measuring flow 
fall into one of six classes or 
categories: Head-area meters, func- 
tional meters, pumps, displacement 
meters, constant differential meters, 
and inertial flow meters. 
Head-Area Meters are flow meas- 
uring devices used only in open chan- 
nel flow or partly filled pipes; they 
cannot be used on lines under pres- 
sure, but are useful to measure flow 


may 


from reservoirs. Head-area meters 
operate on the principle that a con- 
striction or controlled barrier in the 
flow channel will back-up the liquid 
creating a higher level (head) than 
the level below the barrier, with that 
head being a function of the velocity 
of flow and therefore of the flow rate. 
Head-area meters include weirs, 
measuring flumes, and open end 
nozzles. 

Functional Meters are mechanical 
devices which measure some function 
of volume in movement and which 
by means of other mechanical de- 
vices convert that measurement into 
rate of flow or total flow. There are 
three types of functional meters: 
Differential head devices produce a 
difference in head between two points 
of the device, and this differential is 
a function of velocity. These devices 
include the Venturi tube, Dall flow 
tube, insert nozzle, Gentile flow tube, 
and orifice. Differential head devices 
are used in main line metering and 
in metering flows at any point where 
water moves under pressure in a con- 
fined pipe. 

Velocity meters consist of a device 
by which a vane or propeller turns 
in direct ratio to the rate of flow past 
the propeller. These devices are used 
in main line metering, pump dis- 
charges, etc. 

Pitot tubes consist of a 
tube with a tip at right angles inserted 
in a flow, with the tip facing up- 
stream. The height to which the fluid 
rises in the tube is a function of 
velocity and therefore of rate of flow. 
There are two other types of Pitot 
tubes. 

Pumps may be used for measuring 
device, only if the number of repeat 
cycles can be determined. Controlled 
volume reciprocating pumps can be 
used easily for this purpose, but cen- 
trifugal pump discharges must be 
calibrated, for each speed of opera- 
tion, suction lift or discharge head. 
Pumps are not generally used or 
recommended for flow measurement. 

Displacement meters operate on 
the fill and draw principle. Fill and 
draw measurements of reservoirs and 
tanks can be made if the liquid enter- 
ing or leaving the tank does not take 
place at the same time. When the fill 
and draw principle is applied to a 
closed device, a compartment is alter- 
nately filled and emptied. This is the 
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Fig. 1—WATER under pressure flowing through 
differential producer 


type of meter used for domestic water 
consumption. 

Constant differential meters, com- 
monly termed rotameters, consist of 
a tapered tube, smaller at the bottom 
than at the top, in which is confined 
a movable element termed a “float.” 
The “float” rises proportionally in 
the tube as the rate of flow increases. 
This device is not used for measuring 
large flows, and has its greatest appli- 
cation in measuring gas flows. 

Inertial flow meters do not meas- 
ure volume, but determine mass by 
determining an inertia force of a 
moving mass. 


Fundamentals of 
Flow Measuring Devices 

Weirs, rectangular, trapezoidal, or 
V-Notch, are not used to any great 
extent in water works practice, but 
tables and charts are available to con- 
vert heads over weirs to “Q” values. 
(See Wat. & Sew. Wks., 98, April 
1951, p. R-182-R-183.) Open chan- 
nel flow may be determined from 
measurements of heads at different 
points for different rates of flow and 
plotting rate of flow against depth 
of liquid. Formulas for open channel 
flow are not exact but give good 
approximations if the conduit or 
channel is well constructed. 

Alignment charts and nomograms 
are available to make it easy to use 
these open channel flow formulas. 
See various Reference and Data Edi- 
tions of Water & Sewage Works for 
these tables and charts. 

Parshall Flume—The Parshall 
Flume is widely used for open chan- 
nel flow measurements. It is an adap- 


tation of the Venturi tube principle 
and requires exact construction limits. 

The design consists of an entrance 
section with converging walls and 
level floor, a constricted throat sec- 
tion with parallel walls and down- 
stream sloping floor, and a recovery 
section with diverging walls and ris- 
ing floor. Stilling well and tap are 
placed in the converging section at 
a point two-thirds of the length of 
the converging section above the crest 
of the flume. The tap is at right 
angles to the wall at invert level. 
Dimensions must be held to close 
tolerances and to improve accuracy, 
liners of corrosion resistant material 
may be used. 

Parshall flumes are useful where 
a minimum head loss is available. 
Accuracy depends on downstream 
elevation (height of surface above 
the floor) being held to less than a 
definite percentage of that upstream. 

Differential Head Meters—In 
order to understand the operation of 
differential head meters it is neces- 
sary to refer to the general principles 
of hydrodynamics. In particular, the 
relations between elevation, velocity 
and pressure heads are important. 
Definitions of total head, elevation 
head, pressure head, velocity head, 
and friction head must be known in 
order to understand the functioning 
of differential head meters. 

If water flowed through a smooth 
pipe without friction, the total head 
would be the same at all points in 
the pipe, even if the diameter or ele- 
vation of the pipe changed. When 
water flows in a pipe, part of the 
total head is converted into energy 


of motion (kinetic energy) capable 
of lifting the water to a height called 
the velocity head. If there were no 
friction, water flowing through a pipe 
between two elevations would have 
the same velocity as a body falling 
freely between those two elevations 
or V = V2gh,, where hy, is the 
height fallen. 

In any pipe, regardless of friction 
or variation in cross-sectional area of 
the pipe, an equal quantity of water 
must pass all points at the same 
instant. This is the principle of “‘Con- 
tinuity of Quantity” and is funda- 
mental in the operation of differen- 
tial head meters. 

If a constriction is inserted in a 
piece of pipe (as shown in Fig. 1), 
the theory of differential head me- 
ters can be understood. With the 
valve closed, water does not flow and 
water in the piezometer tubes stand 
at the same elevation as the free sur- 
face in Tank 1. When the valve is 
opened, water will flow because of 
the difference in elevations between 
the two tanks. Part of the total head 
will be converted to veloc. head at 
point 1. 

The same quantity of water must 
pass points 1 and 2 during the same 
time interval ; therefore the velocity at 
point 2 must increase proportionately 
to the decrease in cross section area. 
At the same time as the velocity in- 
creases, the velocity head increases 
and the pressure head decreases. The 
greater the velocity, the lower the 
pressure head at the constriction. 

Therefore, the difference in pres- 
sure head between the inlet and the 
constricted portion of a differential 
head producer is a measure of ve- 
locity which is a function of rate of 
flow. The rate of flow varies as the 
square root of the difference in pres- 
sure at the two points. This difference 
is called ‘differential head” or simply 
“differential.” The greater the dif- 
ferential produced the more accurate 
is the determination of rate of flow. 

The increase in velocity is equal 


to \/2ghp, where hp is the differential 
head and the flow formula derived 


from Equation 1 above, becomes 
Q=A V2g(hp + hea) Egq.2 
where Q =cu ft 
4 =cross section area in sq ft 
hy = Differential head in ft 
hya = Velocity head corresponding 
to velocity of approach at the 
inlet. 


The velocity of approach cannot be 
observed but it can be converted into 
a velocity of approach factor ex- 
pressed as 1/\/1 — £*, where 8B is 
the Beta ratio, or ratio of diameter 
of the inlet (d) to the diameter of the 
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the primary unit) are maximum dif 
il and minimum head loss. 
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One advantage of Venturi type flow 
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ht. Other advantages are de- 
1 manufacturers’ bulletins. 

An Orifice is a thin flat 

ate, in which there is an opening 
smaller than the pipe in which the ori- 
fice plate is inserted between flanges. 
A concentric orifice circular 
opening at the center of the pipe, an 
eccentric orifice has a circular opening 

g e inside wall of the pipe. 

\ segmental an opening 

bounded by the inner wall of the pipe 
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found in standard reference 
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Insert Nozzles—A nozzle-like con- 
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centric throat section, smaller than 
the pipe in which it is inserted, is 
called an insert nozzle. 

The simplest form is, in effect, an 
orifice plate with a cylindrical nozzle 
extending beyond the plate. It has 
many disadvantages of the orifice 
plate. Variations of the insert nozzle 
are designed to improve the recover- 
able loss-of-head. These include the 
ASME long radius nozzle, the Ven- 
turi Flow Nozzle and the Builders- 
Schlag-Jorissen Tube. 


Selection of Primary Units 

The device which measures the 
flow (weir, Parshall flume, open noz- 
Venturi tube, Dall flow tube, 
orifice, etc.) is called the primary 
unit. Considerations affecting the se- 
lection of primary include 
type of service, engineering factors, 
installation factors, com- 
parative characteristics, and opera- 
tors convenience. 

Principal engineering factors to be 
considered include allowable perma- 
nent loss of head, size of the con- 
striction, differential pressure, flow 
disturbance due to upstream and 
downstream conditions (bends, 
valves, etc.), distance to secondary 
unit, and type of transmitter required. 

Selection of a primary measuring 
device can be simplified by comparing 
several characteristics common to all. 
These characteristics include: Ac- 
curacy, cost, capacity, range, per- 
manent head life expectancy, 
freedom from field tapping, freedom 
from upstream disturbances, ability 
to handle liquids containing solids, 
ability to handle high pressures, lay- 
ing length, and ease of installation. 

\ table ( Builders-Providence, Inc. 
Tech. Memo H4A) shows a com- 
parison of all these characteristics on 
a per cent basis with 100 per cent 
representing the device having the 
best performance in the character- 
istic listed. 


zle, 


dev ices 
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loss, 


Secondary Instruments 

A secondary instrument or receiver 
is the device used to convert meas- 
urements, sensed by and transmitted 
from the primary measuring unit, 
into observable information on flow. 
(Liquid level and pressure also can 
be shown on secondary instruments. ) 

Secondary instruments are clas- 
sified in two ways—(a) According to 
type of information desired and (b) 
according to method of transmission 
from primary to secondary unit. 

Classes by type of information de- 
sired include: 

Indicator—Shows rate of flow, at 
moment of observation, in cfs, gpm, 
gph, mgd, etc. 


Totalizer—Shows running total to 
time of observation, in cu ft, gal, mil 
gal, etc. 

Recorder—Gives drawn record on 
chart, showing rate of flow as a con- 
tinuous record for each instant dur- 
ing a particular period (hour, day, 
week ). 

Combinations are available as In- 
dicator-Recorder, Totalizer-Indicator, 
Totalizer-Recorder, and Totalizer- 
Indicator-Recorder. Indicators have 
a single arm and dial. Indicator- 
Recorders may have the indicator 
arm separate from the chart, or in- 
dicator arm attached to the pen arm. 

Classes by type of transmission 
include: Mechanical, electrical, pneu- 
matic. 


Transmission 


Mechanical transmission exists 
when the receiver is operated by 
cables directly connected to float wells 
which are in turn connected to the 
pressure takeoffs (taps) of the pri- 
mary device. Mechanical transmission 
also may be produced by connecting 
the primary device pressure taps di- 
rectly to mercury wells in the receiver 
unit. 

Electrical transmission is used 
where the receiver cannot be located 
near the primary unit or where there 
is insufficient pressure for direct con- 
nection of primary to secondary unit. 
Electrical transmission is of the time- 
impulse type (Chronoflo Telemeter) 
whereby the length of time that the 
signal is transmitted is proportioned 
to the magnitude of the function 
being measured, (rate of flow, pres- 
sure, level, etc.). This signal can actu- 
ate a receiving instrument, control 
pumps, chemical feeders or valves, or 
both. Electrical transmission is pos- 
sible over any distance from feet to 
miles, over telephone circuits, private 
A.C. or D.C. lines, or multi-service 
wires. A sequencing unit (Sequence 
Unit Transmitter) will transmit sig- 
nals from several transmitters con- 
secutively over the same pair of wires. 
Sequencing is useful in the operation 
and control of well field pumps and 
booster pumping stations. 

Pneumatic transmission is useful 
up to 1500 feet; it generally makes 
use of a varying controlled-air-pres- 
sure ranging from 3 to 15 psi. Prin- 
cipal features are absence of wiring, 
continuous output signal (pressure), 
extreme sensitivity to change in vari- 
able being measured, and in imme- 
diate response to change in variable. 

Secondary instruments, their de- 
sign, operation, and application, and 
their use in control functions are all 
part of the general subject of instru- 
mentation and control. 





For accurate measurement and control 
SPECIFY THIS RELIABLE SIMPLEX EQUIPMENT 


PARABOLIC FLUMES 
be * 


VENTURI TUBES 


Accurately measure sewage, sludge, 
trade wastes under a wide range of 
pressures. Flanged, be ll or spigot ends 
in any size or design . . . any metal. 

Cleaning valves at main and throat 
keep piezometer openings clear. 


WRITE FOR CATALOG 005 


SLUDGE CONTROLLERS 


Accurately control flow of sewage, 
sludge, trade wastes. Most accurate pri- 
mary device, a Simplex Venturi Tu 
has a special throat section of flexible 
rubber—measures as it controls! Motor- 
driven clamp adjusts throat . . . keeps 
flow at control point. Viscous flows con- 
tact no moving parts. 


WRITE FOR BROCHURE 


ORTHOFLOW™ TRANSMITTER 
> 


Electric—New Simplex Orthoflow 
transmits data over in-plant circuits and 
leased telephone channels. Accuracy of 
+2% for wide ranges. 

Receiver— Reliable Type H Meter. 








WRITE FOR BULLETIN 700 


ELLIPTICAL VENTURI TUBES 


Developed specifically for accurate 
measurement of low velocity sewage, 
sludge or heavily laden trade wastes— 
flowing under low pressures. 

Flat top prevents air binding! Flat 
invert is self-scouring! 


WRITE FOR BROCHURE 


TYPE MO METERS 


Most accurate inferential 
type instrument for water, 
sewage, sludge, industrial 
liquors. Indicates, records, 
totalizes. 

Measures within +2% 
over ranges up to 20 to l. 
Easy-to-read chart. Wall, 
floor stand, or panel mount- 
ing. 


WRITE FOR 
BULLETIN 500 


LAMINAIR” TRANSMITTER 


Pneumatic— New Simplex Laminair is 
fast and accurate. Permits centralizing 
instruments in main control panel away 
from primary devices 

Receiver — Reliable Type H Meter. 





WRITE FOR BULLETIN 750 


OTHER SIMPLEX PRODUCTS 


INSERT-TYPE 
CONTROLLERS VENTURI TUBES 


LARGE DIAL SPECIAL AIR 
GAUGES VALVES 


FILTER OPERATING TABLES 


FLOW RATE 


Write for information today! 


AND 


SIMPLEX VALVE & METER COMPANY @ Dept. WS-13, 7 E. Orange St., Lancaster, Pa. 


METER 


Measure sewage, sludge and trade 
wastes under low heads or open flow. 
Can be used for indicating, or with 
meter to record and totalize. Simple to 
install. Full 20 to 1 flow range. Flanged 
bell or spigot inlet in 6” to 36” stan “ 
pipe sizes. 


WRITE FOR BULLETIN 301 


TYPE H METERS 


Mercury-float type indicating, record- 
ing ae f totalizing unit. Gives +2% ac- 
curacy at any point for flow ranges up 
to 13 to 1. Evenly spaced scales make 
accurate readings easy. Wall, panel, or 
floor stand mounting. 


WRITE FOR BULLETIN 402 


AIR RELEASE VALVES 


= Specially designed for 
“pide sewage lines. Vent air ac- 
mM \ cumulations to eliminate 
=f binding at high points, in- 
crease pumping efficiency. 

Special vacuum-holding 
attachment vents air with- 

out causing loss of prime. 

The 2” size is adaptable 

for installation on all pres- 

sure lines, pump casings. 


WRITE FOR BULLETIN 1204 


COMPANY 
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cH" FELOW TUBES 


For Accuracy 
in Metering 





TYPICAL INSTALLATIONS 


*Gen-til’-ly 





This 78" Gentile Type 

D Flow Tube of welded 

steel construction is only 
78” face to face, and 
weighs only 8900 lbs.—many 
feet shorter and several 
thousand pounds lighter than a 


conventional venturi 


It is designed to handle 120 MGD 

of water at 60 PSIG and 68°F with 

@ maximum head loss of 12” H,O at 
these operating conditions, and with 
an accuracy within +1% of the calibra- 


16” Gentile Flow Tube in Waterworks 
Pumping Station 


tion curve furnished with it. 


The Gentile Flow Tube is an impact-type head meter (differen- 

tial producer) designed for accurate measurement and regu- 

lation of fluid flow. It consists, essentially, of a short spool 

piece, the inner periphery of which is equipped with two 

groups of pressure nozzles, one group pointing upstream and 

the other downstream. The nozzle groups are inter-connected 

by common pressure rings from which connections are made 

to the high and low pressure sides respectively, of a conven- 

tional indicating, recording or integrating meter. Flow } ».s 

differ from other variable head meters in that the taps are 

located at points of equal cross-sectional area. Therefore, the 

differential developed is a function of the velocity head and - 
independent of the static head. 12” Gentile Flow Tube in a Long Island Waterworks 


Flow Tubes are compact, comparatively light weight, rela- voaping Sule cemented Chedly to TO ot 


tively low in cost, and are easy to install since they require 
straight runs entering and following only when installed 
near throttling valves or regulators. And, Flow Tubes are 
available in types and D/d ratios to provide differentials that 
can be accurately measured with the least head loss. 


Flow Tubes are furnished with head capacity curves based 
on laboratory tests. These data furnished with each Flow 
Tube makes our guarantee of exceptional metering accu- 
racy possible. 


For further information, write us, and for specific recommen- 
dations, send us necessary flow data. 


/S” FOSTER ENGINEERING COMPANY 


Spasiras, 827 Lehigh Ave., Union, N. J. 


fy ) Agents in Principal Cities. 
es” Consult your Classified Telephone Directory. 


One of twelve 20” Gentile Flow Tubes 
in Corpus Christi, Texas Filtration Plant 


AUTOMATIC VALVES * CONTROL VALVES * SAFETY VALVES * FLOW TUBES 
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FOSTER ENG. CO. 


HEAD CAPACITY CURVES UNION, N. J. 


36” TYPE D GENTILE FLOW TUBES [pare 
FOR 
VARIOUS D/d RATIOS 








CHECKED 
SQUARE ROOT CHART 
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[he orifice method is a sim 
ple way to measure flow of 
water from a pipe discharging 
horizontally into the open air 
The sketch shows the general 
arrangement 

A plate or cap is affixed to 
the end of the pipe with the cir- 
cular orifice in the exact center 
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te glass above 


= coater of pipe 


is slipped over the end of the 
nipple and the other end over a 
glass tube, which should be sup- 
ported in a vertical position. 
Ratie R is the diameter of 
the orifice divided by the inside 
diameter of the pipe, and the 
proper value of K is found 
from the curve. In the formula 


A is figured as the area of the 
orifice in square inches, G= 
32.2, and H Js read as the height 
in inches of the water in the 
glass tube above the center of 
the pipe. Gallons per minute 
‘ ‘ (g) then can be figured. 
senee For convenience when deter- 
= ooo oe mining capacities during pump- 
Se = ++ ~ M tests, the _ accompanying 
b titttt abie for various orihces com- 
t = iit itt t + = . monly employed will prove use- 
Patio af Dia. ef Oritce te Dia. ef Discharge Pipe tul. 


araaeee: 4 tetl from amy 


of the pipe. The size of ori- = 
| Obslrvclon 


fice should be from one-half to 
three-quarters of the size of the 
pipe, but must be of such size 
that it will run full of water. 
A hole for '%-in. pipe should 
he drilled and tapped 24 in. back 
irom the orifice and a short %- 
in. nipple screwed in until the 
inner end is exactly flush with 
the inner wall of the pipe. One 
end ot a piece of rubber hose 
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FLOW OF WATER IN HOUSE SERVICE PIPES 
(To find the discharge in gallons, multiply by 7.48) 





Pressure 
in Main 
Pounds 
per 
Square 
Inch 


30 
40 


Discharge in Cubic Feet per Minute from the Pipe 





Condition of 


Discharge Nominal Diameters of Iron or Lead Service Pipe in Inches 
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Automation in Water & Sewage Works” 


A' TOMATION—A coined word 
which denotes “automatic opera- 
tion.” It is not new; the first auto- 
matic plant was a grain processing 
mill in Philadelphia in 1784 where 
grain was unloaded from a boat or 
wagon and processed to finished flour 
without human aid. Automation is 
not something for tomorrow, it is 
here today. 

For persons working in the field 
of sanitary engineering these ques- 
tions may arise: What is it? What 
a*e today’s applications? How soon 
will other applications be available? 
What can it bring in the future? 
What will it mean to workers in the 
field? In this article, the authors an- 
swer those questions with predictions 
of the future and statements of facts 
as to the present. 


What is Automation 


Mechanized equipment control 
dates back five centuries, when sails 
were placed on windmills to keep 
them facing into the wind. Control of 
start-stop operations of modern pow- 
er equipment began with valves on 
steam engines and switches on elec- 
tric motors. Semi-automatic control 
became a reality when the operation 
of one device was controlled or paced 
by the operations of another device. 
Automatic operation or automation 
added one new factor, the principle 


*A paper presented at the 6th Annual Con- 
ference on Sanitary Engineering of the 


University Kansas, Lawrence, Kan 


FEEDBACK SIGNAL 


lts Present and Future 


by B. L. Soscia and R. W. Lindsey 


B-1-F Industries, In Providence, R. | 


of “feedback.” Modern automatic 
operations have adapted the principle 
ot feedback to the many modern 
means of transmitting intormation. 

M. H. Aronson, Editor of /nstru- 
ments and Automation has defined 
automation as “the substitution of me- 
chanical, hydraulic, pneumatic, elec- 
tric and electronic devices for human 
organs of decision and effort.” In 
short, automation is automatic control 
initiated or monitored by a feedback 
signal. This principle of feedback 
means simply that the result of some 
operation is sensed or measured and 
the magnitude of that measurement 
is returned (fed back) to control the 
operation so that the result will be 
maintained within definite and de- 
sired limits. 


Plant of the Future 


Applications of semi-automatic and 
automatic control have appeared in 
water and sewage works for a num- 
ber of years, but what is the future of 
automation in the field of sanitary 
engineering? Some comparison with 
other fields may give the clue. Both 
chemical processing and petroleum 
refining have found wide applications 
of automation. Both involve unit 


processes of operation. Water and 
waste-water treatment also involve 
unit operations (pumping, coagula- 
tion, sedimentation, filtration, aera- 
tion, chlorination, etc.) Therefore, it 
may be expected that automatic op- 
eration of water and sewage plants 
is both feasible and probable. 

The writers asked M. E. Rogers, 
Manager, Engineering Projects, of 
Builders-Providence, Inc. and a for- 
mer water works superintendent, to 
suggest the “dream water plant” of 
the future. Mr. Rogers wrote: “It is 
probable that the water plant opera- 
tor of the future will not see the filter 
he backwashes except perhaps by 
closed circuit television. There are 
three current trends which will lead 
to this situation: (1) to eliminate all 
unnecessary construction in order to 
save on initial cost; (2) to cut set- 
tling time to 20 or 30 minutes, at the 
most; and (3) to make full use of 
automatic controls. 

“The future laboratory will be 
equipped with an automatic analyzer 
where samples of both raw and fin- 
ished water will be continuously ana- 
lyzed and the information, along with 
flow data, will be fed into a computer 
mechanism which, in turn, will ad- 
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Fig. 1—SINGLE control loop 
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Plug-in Control - 
Indicating Station 


DISPATCHING 
CENTER 
PANEL CUBICLE 


Scanning Switch . . . one at each 
end of transmission circuit 





MEDIUMS OF TRANSMISSION 





Private signal wires 

Leased telephone lines; teletype lines or low quality voice circuits 
are suitable for most applications 

Modulated carrier frequency (over telephone lines) 

Audio tone channels (over telephone lines) 


Microwave link 


(radio transmitters) 


Fig. 3—TRANSMISSION system—Scanning switch sequencing 


just the chemical feeders to provide 
a predetermined minimum residual 
umount of turbidity, hardness, and 
taste and odor as well as the proper 
amount of chlorine for disinfection. 
On hard waters, a portion of the wa- 
ter will be passed through a demin- 
eralizer operating along electro-os- 
motic principles and recombined with 
a second portion which has merely 
been clarified to secure a predeter- 
mined final product containing just 
the right amount of the chemicals de- 
sired in solution. 

“Wherever possible and particular- 
ly in larger plants, chemicals will be 
handled in solution or suspension to 
eliminate dust and save storage space. 
Solutions can be pumped to point of 
application and the need for high 
chemical head houses will be elimi- 
nated. Filters will be backwashed 
automatically, initiation being on the 
basis of maximum loss of head and 
termination of the washing period on 
the basis of turbidity in the waste wa- 
ter. Rate of backwashing will be con- 


trolled by sand size and expansion 

“Safeguards will be provided all 
along the treatment path to detect 
and prevent errors im operation. 
Closed circuit television may be used. 
Operating controls will be centralized 
in the chemical laboratory where a 
complete instantaneous picture of op 
eration will be recorded on a continu- 
ous strip chart. Operator’s duties will 
consist of checking calibration of var- 
ious devices, renewing standard rea- 
gents in analyzing equipment, order- 
ing chemical supplies, preparing sta 
tistical reports and supervising main 
tenance. The operator of the future 
will be a process supervisor who will 
be a trained engineer with a complete 
background in sanitary engineering 
plus knowledge of electronics and 
automatic operation. 

“Except in emergencies, no one 
will adjust a valve to regulate rate of 
through-put, or start-stop of pumps. 
Flow through the plant to the con- 
sumer will be fully automatic at pres- 
sures and rates required by the con- 
ditions of demand on the distribution 


system. It is possible that the electron 
microscope will continually scan the 
final effluent and with a television 
feedback will control disinfection or 
sound an alarm to the community if 
the disinfection process fails.” 

The writers also asked Walter H. 
Brown, Project Engineer of Builders- 
Providence, Inc. and a former sewage 
works superintendent, for his ideas 
on the sewage works of the future. 
Mr. Brown wrote: “In the future 
waste treatment plant processes will 
be controlled automatically thereby 
requiring only trained supervisors 
and maintenance technicians. Sewage 
will be delivered to the plant bv 
means of automatically controlled lift 
stations where pumps will operate in 
accord with flow requirements; will 
regularly rotate to distribute wear: 
and will cut out of service when par- 
tially clogged, with a warning signal 
to the central station to dispatch 
maintenance men for cleaning opera- 
tions. 

“For primary treatment, automa- 
tically cleaned trash racks and com- 
minutors will precede grease removal 
and primary settling tanks. 

will be skimmed off and 
sludge removed in accord with the 
load or accumulation of each in their 
respective tanks. Both sludge and 
grease will be concentrated. seeded 
with special organisms and enzvmes 
to produce chemicals or gases of com- 
mercial value. and pumped to diges- 
tion tanks which will operate at au- 
tomatically controlled temperatures 
with the digestion process controlled 
hy the end product produced. Sludge 
from these tanks will be washed, fil- 
tered and dried for soil conditioning 
use and the amount of washing, 
amount of chemicals for dewatering, 
vacuum filtration and heat drying will 
he controlled according to the sludge 
load which in turn will be governed 
bv the results of the digestion proc- 


ess 


units 
(;rease 


“For secondary treatment, trick- 


line filters or activated sludge will 
onerate at rates in accord with the 
incoming load and the final results 
of the process as determined by tur- 
hiditvy, suspended solids and oxygen 
demand or dissolved oxygen and 
hacterial content. Rates of return 
sludge or amounts of artificially add- 
ed oxvgen will be controlled from 
the same device that determines the 
condition of the final effluent. Dis- 
infection bv chlorine or other disin- 
fectant will be controlled by a con- 
tinuous analvsis of the bacterial con- 
tent of the effluent and/or the chlor- 
ine required value. Sludge from both 
primary and secondary settling units 
will be pumped in accord with the 
rate of accumulation and will be 
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thickened automatically to the opti- 
mum water content. Rate of pump- 
ing and start-stop of operations will 
be in accord with the density or con- 
centration of the sludge so that a con- 
stant composition of sludge-water 
ratio will be fed to the digesters. 
“Whether or not new processes of 
treatment appear, there is no doubt 
that all sewage treatment plants can 
be made to run by automatic process 
as soon as the necessary sensing ele- 
ments or analyzers are available.” 


How Automation Works 


It is apparent from the definition 
of automation and from the descrip- 
tion of the water or sewage plants of 
the future that there are certain es- 
sential elements to an automatic con- 
trol system include : 
element, transmission system, instru 

comparer unit, control unit, 

to do the work 
rstand how these elements 
the operations of a water or 
plant it is necessary to list 
the operations which have been per- 
f d by a human operator. These 
operations may be listed as fol- 


These sensing 


and px wet 
lo unde 
tit mto 


se ware 


1. Determine point where change 
this determination may 


is necessary : 


be based on the reading of meters or 


gauges, chemical analysis, or other 
ition. 

2. Dispatch a command to per- 

advise (start-stop or adjust 

equipment operation ) 


3. Sense error in 


form or 
process (hu- 
judgment ) 
4. Read instruments or make 
check analysis to compare changes 
with position or magnitude of result 
intended by command (feedback). 

5. Note error and take correc- 
tive action to minimize new error 


mar 


( Tee dhac k } 
6. Record data on the progress 
of the complete operation. 

Any operating plant utilizing hu- 
man decisions and efforts to perform 
step operations, will invariably be the 
victim of costly errors. Even when 
yperating normally, an operator (or 
is being paid for merely 

a costly situation. When 
something goes wrong, human judg- 
called upon to correct the 
fault. In performing this corrective 
action, the operator becomes the feed- 
back mechanism, (step No. 5 above), 
und is limited in speed, response and 
ability to calculate the next move. It 
is this step No. 5 which is an essen- 
tial in a true automation system. 
When the operator is bypassed or has 
substituted for him mechanical, elec- 
trical pneumatic, or elec- 
tronik the automatic plant 


several ) 
standing by 


ment 1S 


hvdraulic 
cle vices, 


results 
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In water or waste treatment invol- 
ving stepwise unit processes, com- 
plete automation is best accomplished 
by cascade or “piggyback” control. 
This system forms a series of linked 
control systems each controlling with- 
in its link, while the material being 
processed feeds into successive opera- 
tions. Figure 1 shows a single feed- 
back control system in block form. 
Figure 2 shows a cascade control 
composed of two links in which the 
output of the first becomes the com- 
mand for the second. This cascade 
system can be built up stepwise to 
cover the entire operation of an auto- 
matic water or sewage plant. 


Where Are We Today? 


In discussing the status of automa- 
tion in water and sewage works to- 
day, it is desirable to review both the 
equipment and the applications now 
in use. The best approach to this mat- 
ter is to consider first, the four ele- 
ments of an automatic control system: 
Sensing element, transmission, com- 
parer unit, and control device. 


Sewage Plant, | Angeles, 


Sensing Element 


Today there exist excellent de- 
vices for the measurement of pres- 
sure, temperature, fluid flow, pH, 
oxidation-reduction potential and con- 
ductivity. All of these items have been 
in use for many years. More recent 
developments include devices for de- 
termining residual chlorine, turbidity, 
and disselved oxygen. For completely 
automatic operation, we need im- 
provement in the last three items 
mentioned, and we need wholly new 
devices for the determination of the 
optimum point of coagulation, the 
filterability of water, the fluoride con- 
tent of water, the hardness of water, 
the chlorine demand of water and 
sewage, the B.O.D. of sewage, the 
bacterial content of both water and 
sewage, (perhaps the electron micro- 
scope). Also needed are devices for 
determining the ammonia, alkalinity 
and volatile acid content of sludge 
digestion tank liquor, moisture con- 
tent of sludge, et cetera. And all of 
these devices must be capable of de- 
termining these characteristics on a 
continuous basis. 





Fig. 5—CONTROL panel for pumps in sewage works 


New sensing devices must have the 
same basic characteristic existing in 
present sensing elements. They must 
be able to convert the sensed infor- 
mation to some physical manifesta- 
tion represented by mechanical mo- 
tion (linear or rotational) pneumatic 
pressure (or mechanical motion), or 
electrical voltage or frequency. Elec- 
trical manifestations are generally 
preferred because of the ease of trans- 
mission over great distances, speed 
of response, and versatility in com- 
bining with other electrical data. 


Transmission 

There are many transmission sys- 
tems available for use. These include 
direct mechanical linkage, hydraulic 
pressure, pneumatic pressure, electric 
signal, electronic signal, audio wave 
and radio micro-wave link. Proba- 
bly best known in the sanitary engi- 
neering field are the mechanical link 
(cable), pneumatic (air pressure) 
and telemetering systems. 

Transmission elements have long 


electric 


been used in remote supervisory con- 
trol systems, especially where raw 
water pumps, deep well pumps or 
sewage lift stations are located at 
some distance from the main station. 
These supervisory control systems 
are used not only for start-stop of 
equipment and speed control but also 
to report back operating conditions 
such as running speed, valve posi- 
tion, bearing temperatures, pressures, 
flow, etc. 

If a water treatment plant is lo- 
cated reasonably near the source of 
water, the problem of controlling and 
monitoring is greatly simplified. Mul- 
ti-wire cables can be used for trans- 
mitting control functions or com- 
mands from the plant mixing basins 
to the pumps and feeding back op- 
erating conditions such as pump sta- 
tus, pressures, flow and other data 
which may be used to regulate other 
steps in the process or stored on 
charts for future expansion and effi 
ciency studies 

If the treatment plant is located at 
some distance from the source of sup- 
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ply, the problem of remote control 
becomes involved because of the econ- 
omies of the transmission system and 
therefore has a bearing on the ulti- 
mate control system chosen. The 
choice is always narrowed down to 
supervisory control over a single pair 
of leased telephone or private wires 
or radio (micro-wave link). In the 
final analysis, the choice usually goes 
to signal line transmission because of 
its simplicity, lower cost and lack of 
external interference from electrical 
obstacles. 

Supervisory control systems for 
use over leased or private signal lines 
are classified basically as one of three 
types: 

a. All relay pulse coded (G.E. 
and Westinghouse ) 

b. Tone coded (R-F Labs. and 
Hammarlund ) 
Scanning switch sequencing 
(Builders-Providence Syn- 
chro-Scan® Supervisory Con- 
trol, Fig. 3) 

Combinations of these basic types 
result in systems which can be de- 
scribed as: 

d. Relay and tone coded. 

e. Relay tone coded and stepping 
switch. 
Tone coded and scanning 
switch. 

Of these several systems, the scan- | 
ning switch sequencing type of super- 
visory control is an excellent system 
for use in water and sewage treat- 
ment processes because it was de- 
signed specifically for that field. The 
Synchro-Scan system can perform all 
of the automatic functions required in 
addition to report back and telemeter- 
ing time-impulse or other types of 
measurements between plant and re- 
mote pump location. 

For data transmitting, controlling, 
indicating and recording, there exists 
on the market today a variety of tele- 
metering systems. Most of these are 
reliable and have been time tested ; so 
it becomes a matter of personal pref- 
erence when the designer chooses 
time impulse, tone, balanced bridge 
frequency shift or pneumatic system. 


Comparer Units 


Instruments for indicating, record- 
ing or totalizing almost any sensed 
data are already on the market and 
have been in use for many years. 
These devices are capable of being 
used to compare the data with set 
limits and of transmitting the devia- 
tion from those limits a short distance 
back to the control devices. Trans- 
mission can be by any of the methods 
mentioned but pneumatic, electric or 
electronic are to be preferred. Such 
data as flow, flow ratios (Fig. 4), 
level, pressure, concentration of chem- 
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VENTURI TUBES AND 
NOZZLES — DALL FLOW TUBE 


Widest range of sizes and models 
for water, sewage, and waste flows 
Venturi Tubes, Model NZIF Insert 
Nozzles, Model DFT Dall Flow 
Tubes, Kennison Nozzles. Write for 
recommendations 


FILTER RATE CONTROLLERS 


Direct-acting Model RCE and 
hydraulically powered Models 
RCB and RCB-T types. Their 
high and enduring accuracy 
have won acceptance of lead 
ing consulting engineers and 
Rugged, sim- 
ple construction for easy instal- 
operation, and main 
tenance. RCB-T is rubber 
seated, tight closing — no need 


plant operators 


lation 


for separate shutoff valve 


Bulletin 600.20 


Meters and controls engineered 


specifically for water, sewage, and waste plants 


. . » proven in thousands of installations. 





CHRONOFLO ELECTRIC 
TELEMETERS 


Chronoflo Telemeters bring to 
central operating point records 
of flow, liquid level, ete. Con- 
nection is by simple two-wire 
circuit. Ideal for automatic pro- 
portional pacing of chemical 
feeders. Bulletin 230.20. 


5... 
| 
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PROPELOFLO METER 


Propeller-type main line meter. 
Self-contained, easily installed. 
Can be used with indicating 
and recording secondary in- 
struments, and to pace chem- 
ical feeders. Bulletin 380.20. 


DS OSE EEN. e + 


FLO-WATCH 
INSTRUMENT 


Universal mechanical 
instrument for totaliz- 
ing, indicating, record- 
ing flow, level, position 
... adaptable for tele- 
metering. High accu- 
racy, wide range, built 


for long, dependable service. 


Dust-proof case 


variety of 


+ mountings. Bulletin 300.20. 





FILTER OPERATING 
TABLES & CONSOLES 


Both types available complete 
with indicating and/or record- 
ing gauges valve actuating 
levers . . . valve position indica- 
tors. Units furnished in colors 
and finishes to suit plant design. 
Bulletin 450-20 





AUTO-CENTRAL 
FILTER CONTROLS 


Reduce operating costs with 
complete remote control of 
filter effluent rates and valve 
operations, including automatic 
washing cycle — from a con- 
veniently located Builders Auto- 
Central Control panel. Write 
for details. 





PUMP CONTROLS 


For automatic control of level 
in reservoirs, basins, and ele- 
vated tanks, by means of sim- 
ple, dependable Chronoflo 
telemetering system, which 
transmits control signals over 
any distance using 2-wire cir- 
cuit. Also ideal for governing 
basin level control valves. 
Bulletin 230-H4A. 





CHLORINIZERS 


For chlorinating rates up to 
8000 Ibs. per 24 hrs. Accurately 
meter chlorine gas and deliver 
a uniform chlorine water solu 
to point of application 
include visible flow, 
simple 
safety 


tion 
Features 
rugged 

design, 

devices of latest and most posi 
type. Easily modified to 
program propor- 
tional, or sequence control 


construction 
and automatic 


tive 
automatic 


Model CVS 
Chlorinizer 


Bulletins Available 





e? 
SYNCHRO-SCAN 
SUPERVISORY CONTROL 


Any number of plant operat- 
ing functions — pumps, valves, 
tank levels, etc. — can be con- 
trolled or monitored from cen- 
tral panel. Uses simple two- 
wire transmission or leased 
telephone circuit. Plug-in com- 
ponents for easy inspection and 
servicing. Bulletin 240.20. 





BUTTERFLY VALVES 


Built to AWWA Specifications 
—highest quality design, sturdy 
construction, durable materials 
throughout. Rubber-seated, 
tight-closing. Furnished with 
manual, pneumatic, hydraulic, 
or electric motor operators. 
Backed by our nationwide sales 
and service organizations. 


Bulletin 650.20. 





For Bulletins on individual products or 
for comprehensive Bulletin B-I-F 6, 
write Builders-Providence, Inc., 


376 Harris Avenue, 
Providence 1, R. I. 


f 








@BUILDERS-PROVIDENCE 


metree@s 
FEEDERS 


B-I-F INDUSTRIES Qc: 
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You can depend on Omega for “the last word in feeders”... 


and the answer to your chemical feeding problem . . . always! 





BELT TYPE GRAVIMETRIC 
Three models for feeding materials 
by weight-continuvously on short con- 
veyor belt carried on sensitive scales 
High accuracy — wide range — from 
a few cu. ins./min. to 100,000 Ibs. /hr. 
Bulletins 35-J11, H5. 


ROTOLOCK FEEDERS 
Non-flooding, especially suitable for 
feeding fine, dry materials. Omega 
variable speed transmission permits 
infinite adjustment over 100 to 1 
range. Three styles of rotors. Bulletin 
45.20. 


Write for Bulletins on individual products, or com- 
prehensive Bulletin B-I-F 6... also Bulletin 10-K12A 
“Chemicals Used in Water & Sewage Treatment”. 
Omega Machine Co., 37( Harris Avenue, Providence 


1, Rhode Island. 


LOSS-IN-WEIGHT TYPE 
Finest weighing type feeders for 
super-accurate chemical feeding. Ad- 
justable in pounds per hour over 100 
to 1 range. Three models (maximums 
of 100, 1000, and 4000 Ibs./hr.). 
Bulletins 30-H12, K4. 


Pe 


eo 


LIME SLAKERS 

Lime Slokers . . . continuous opera- 
tion . . . available with capacities 
from 50 Ibs./hr. to 10,000 Ibs./hr. 
Rapid, thorough sloking . . . main- 
tains high slaking temperature. Fur- 
nished with Gravimetric or Volu- 
metric Feeders. Bulletin 40.20. 


UNIVERSAL FEEDERS 
Handles dry material dependably 
and accurately . . . whether lumps or 
fine powder, light or heavy. Large 
throat openings, effective agitation at 
the outlet zone. 40 to 1 range. Fur- 
nished in 3 sizes. Bulletin 20.20. 


ROTODIP FEEDERS 
Rotodip Feeders for feeding and 
metering low viscosity liquids and 
suspensions by volume. 100 to 1 
range. Capacities to 1800 GPH (spe- 
cial models for higher rates). 


VOLUMETRIC FLUORIDIZER 
Model 50 Fluoridizer provides highly 
accurate, wide range fluoridation at 
a cost within the means of small 
plant budgets. Rugged — compact — 
low filling height — dustless loading. 
Bulletin 50-K3. 


BUCKET ELEVATOR 

Ideal for use where large hopper 
capacity is required and the hopper 
must be loaded from the same floor 
on which the feeder is located. Send 
for bulletin which shows diagram of 
a complete installation with acces- 
sories. Bulletin 77-37. 








@OMEGA MACHINE CO. 
B-I-F INDUSTRIE S@)is 








Proportioneers 


Largest manufacturer of chemical propor- 
tioning equipment . . . service-proven in over 
40,000 installations. 








HEAVY DUTY MIDGET 
All-purpose, positive displacement, 
diaphragm pump feeds safely and 
dependably a variety of corrosive 
fluids: hypochlorite, pH correctives, 
anti-corrosion chemicals — also abra- 
sive slurries. Cap. 0.5 to 9 GPH 
against pressures to 85 psig. Comes 
as “package” for easy installation 
end operation. Bulletin 1201-2. 


Send for product Bulletins, or comprehensive Bulletin 
B-I-F 6. Proportioneers, Inc., 376 Harris Avenue, 


Providence 1, Rhode Island. 


CHEM-O-FEEDER® 

Deluxe chemical proportioning pump 
for caustics, acids, slurries, etc. Fea- 
tures feed rate adjustment while in 
operation. Simplex, duplex (shown), 
and triplex models — feed rates 0.2 
Yo 57 GPH for discharge pressures to 
125 psig. “See-thru” reagent end 
gives visual check on pump operation. 
Bulletin 1225-1. 


AUTOMATIC/PROPORTIONAL 
CHEM-O-FEEDER 
Powered by the flow through the 
pipe line, this efficient feeder controls 
chemical feed in proportion to main 
line flow. Paced by standard main 
line, bypass, or fire line meters. 
Capacities 0 to 5 GPH against 4 to 
100 psig. pressures . Bulletin 1260-2. 


FLUSH FEEDER 

(Patent Applied For) 
For controlled feeding of slurries of 
thin mudlike consistency or corrosive 
chemicals. Unique check valve assem- 
bly mounted directly on slurry tank 
handles slurry . . . metering pump 
handles nothing but flushing fluid. 
Provides positive slurry flows. Re- 
duces need for frequent slurry make- 
up and reduces tank costs. Send for 
details. 








PROPORTIONEERS 
B-I-F INDUSTRIES@)iice: 


meTees 
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Fig. 6—DIAGRAM of industrial water softening control system 


Fig. 7—DIAGRAM of industrial waste treatment system 


Note: Sludge from water softening is added to waste treatment for pH adjustment 


ical characteristic, conductivity, oxi- 
dation-reduction potential, etc., can 
be handled by devices currently in 
use either in the sanitary engineering 
field or in the chemical process field. 
The adaptation of digital or analog 
computers to function as part of the 
comparer unit is quite possible, being 
used today in the process industries. 


Control Devices 


The necessary control units for au- 
tomatic operation exist today. They 
include pumps, valves, chemical feed- 
ers (solids, liquid, gas), etc., all of 
which are in common use. Pumps, 
particularly centrifugal and gear 
pumps, with magnetic or variable 
speed drive, are ideally suited to com- 
plete automatic operation. Valves 
(particularly butterfly) operated by 
hydraulic, pneumatic or electric oper- 
ators, lend themselves perfectly to the 
control of flow and level in automatic 
water and waste-water treatment. 

Probably one of the best known 
control devices of automatic operation 
in water and waste-water treatment is 
the chemical feeder. Chemical feeders 
are divided into three types: Solids 
feeders, liquid feeders and gas feed- 
ers. Solids feeders may feed either on 
a volumetric basis or on a gravimetric 
basis. Gravimetric feeders may be 
either loss-in-weight or belt gravi- 
metric types; liquid feeders may be 
volumetric feeders including decant 
types or positive displacement feed- 
ers including the Archimedes wheel 
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agram courtesy Eng. News Record) 


(Rotodip) or loss-in-weight feeders, 
and the proportioning pump, either 
diaphragm or piston. Gas chemical 
feeders usually operate on the basis of 
volume measurement through an ori- 
fice under controlled conditions. 


Dry Feeders 


If automatic operation does not re- 
quire a high degree of accuracy in 
rate of feed, volumetric feeders for 
liquids and solids may be satisfactory. 
On the other hand, if automatic op- 
eration requires chemical dosage to be 
as accurate as possible, the more ac- 
curate continuous loss-in-weight 


gravimetric feeders should be used. 


A description of the loss-in-weight 
feeder as a control device will show 
how the unit fits into fully automatic 
control. This chemical feeder consists 
basically of a storage hopper contain- 
ing several hours’ or several days’ 
supply of chemical. The hopper is 
mounted on scales and is counterbal- 
anced by a scale beam and a counter- 
poise. Constant or variable speed 
drive means are provided to continu- 
ously retract the counterpoise by a 
lead screw. A feeder device and con- 
troller complete the assembly. 

The desired rate of feed is obtained 
by adjustment of the rate of counter- 
poise retraction on the scale beam. An 
internal control loop is established, 
consisting of a scale beam, controller, 
and feeding mechanism, whose col- 
lective operation is to compare the in- 
stantaneous position of the scale beam 


against a reference point and to cause 
a loss in weight of material from the 
hopper. Thus, the controller actuates 
the feeder mechanism to feed out 
the proper amount of chemical contin- 
uously. The hopper is reloaded peri- 
odically as required. For high rates 
and continuous feed a twin hoppered 
feeder is available, one hopper of 
which unloads while the other is being 
filled at the same rate from storage. 

This feeder can be made propor- 
tionally responsive to liquid flow rates 
in a plant when this flow is translated 
into terms of potential difference or 
a pneumatic pressure. The addition of 
pneumatic or electric positioners on 
the variable speed drive retracting the 
counterpoise will permit the control 
of the feed rate in response to the 
flow variable. Similarly, control of 
rate of feed from the measurement of 
some chemical characteristic in the 
water or sewage is possible when a 
sensing device is available to deter- 
mine the desired characteristic such 
as pH, conductivity, ORP, etc. and 
convert that sensed data into electric, 
electronic or pneumatic values which 
can be transmitted back to the feeder 
lead screw drive. 

Using a similar type of feeder and 
one of several available feeding de- 
vices, for example a gear pump driven 
by variable speed motors, permits liq- 
uid of any viscosity to be fed on a 
loss-in-weight basis in response to 
conditions of flow and chemical or 
physical characteristic of the liquid 
undergoing treatment. 
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Fig. 8.—DIAGRAM of automatic chlorine feeder control 


Proportioning Pumps 


Solutions of coagulants, fluorides, 
softening chemicals, etc. can be fed by 
solution feeders of all types and auto- 
mated solution feeding for clarifica- 


tion, sterilizing, softening, stabilizing 
or corrosion control is even now be- 
coming more common with large wa- 
ter supplies. The primary sensing in- 
struments are pH and Redox and 


conductivity meters, sometimes in 
combination with flow meters. The 
comparatively stable conditions and 
large chemical capacities in most wa- 
ter supply systems do not normally 
require extremely accurate solution 
feeders except as a convenience in 
materials handling and to give more 
accurate inventory of chemicals used. 
But it must be remembered that con- 
trol of chemical dosage means econ- 
omy of operation. Automation, with 
an end-point control, calls for a reg- 
ulating device rather than a metering 
device in handling solutions. 

In the case of industrial waste 
treatment the control problem is so 
difficult that the simple regulating 
device, such as a valve, swing pipe 
decanter, conveyor, etc., may not be 
satisfactory. To neutralize and clarify 
waste products from process plants 
may well require a high retention fac- 
tor, automatic control by a primary 
element and a metering device for the 
final control element. The process 
load in waste treating can vary over 
such wide limits that stable automatic 
control is virtually impossible. Meas- 


uring and control lags and wide ca- 
pacity variations can often be mini- 
mized by use of a more accurate final 
element whose response rate can be 
accurately predicted. 

As an example, the solution re- 
quirement for acid waste neutraliza- 
tion would be the product of the pH 
and the flow. At certain operating lev- 
els in the plant due to seasonal or 
work shift changes the range of vari- 
ation in these factors might change in 
a predictable way. A very difficult 
control problem can be simplified by 
using a holding tank to equalize flow 
and concentration. In lieu of this ar- 
rangement, a solution feeder can be 
used whose response range can be 
shifted. Thus flow and pH can be in- 
tegrated and used to regulate the 
speed of a final element such as a 
proportioning pump, the anticipated 
range of variation can be set by 
changes in stroke length so that over- 
all response becomes far more uni- 
form. 

A proportioning pump in itself can 
be used as an integrating device 
wherein flow controls the speed of 
the pump and pH controls the stroke 
length. 

This type of operation involves 
very wide variation in solution rates 
at comparatively low levels, from 
many gallons to fractions of a gallon 
per minute. These conditions are fair- 
ly typical in industrial waste treat- 
ment. Water supplies generally have 
a more uniform, high level demand 
for treating chemicals and solution 
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feeding is not the usual approach at 
present but may become more general 
in the future if Mr. Rogers’ prognos- 
tications hold true. 


Today's Applications 


As might be expected, the first unit 
process in sanitary engineering to 
come under automatic control was 
that of pumping. Control of pump 
operation has long been possible from 
the level in reservoirs or pressure in 
elevated tanks, with start-stop oper- 
ation in accord with the sensed condi- 
tion in reservoir or distribution sys- 
tem. (See Fig. 5) 

An advance in automatic pump op- 
eration came with the introduction of 
the Pressureflo Control System 
whereby the pump operation on a dis- 
tribution system was started and 
stopped according to the demand for 
both flow and pressure. This com- 
bination of pressure and flow as the 
controlling information assured cus- 
tomers that their requirements would 
be satisfied at all times. In connec- 
tion with this automatic operation of 
pumps, it has been possible to set up 
sequencing cycles so that where mul- 
tiple pump installations exist, each 
pump is operated in turn and for 
time periods that insure equal wear 
on the individual units. 

Semi-automatic operation of chem- 
ical feeders and other auxiliary equip- 
ment has been successfully practiced 
for many years, particularly where it 
has been cesirable to pace the chem- 
ical feed rate proportionally to the 
flow of liquid being treated. (See 
Fig. 6 & 7) Step and program time- 
cycle controls have also been used for 
chemical treatment. 

An approach to the automatic plant 
came within recent years when the 
operation of a whole water treatment 
plant was started and stopped accord- 
ing to the level of water in the ele- 
vated storage tank. In this case, well 
pumps, aerators, lime softening, sed- 
imentation, filtration, fluoridation and 
chlorination started and operated as 
an integrated plant on a signal from 
a low water level in the elevated stor- 
age tank and operations stopped on 
a high water level signal. This is not 
a true automatic plant, however, since 
an operator has to set the chemical 
dosage rates and backwash the filters. 

Automatic operation of filters has 
been possible and in use for some 
time. One type of automatic filter con- 
trol is Auto-Central® Control. With 
a minor adjustment in this equip- 
ment, it is possible to have filters cut 
out of service when the loss of head 
reaches the maximum allowable and 
thereafter to be put through a wash- 
ing cycle (including two washing 
rates) for time-cycle controlled peri- 
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ods of washing, and to be returned 
to service when the washing cycle is 
completed. Installations of the “Auto- 
Central” Control System use a warn- 
ing system to advise the operator 
when the filter is ready to be washed 
and he, in turn, pushes a button which 
initiates the washing cycle. It is easy, 
however, to bypass the operator en- 
tirely and wash the filters automa- 
tically. There are other automatic fil- 
ter control systems. 

Automatic control of alum feeders 
from the turbidity of the settled water 
is now in use in a plant in California. 
Several automatic turbidity measur- 
ing and recording devices are now 
available and need only refinements to 
make them fully acceptable for com- 
plete control of coagulation or soften- 
ing on the basis of turbidity and flow. 

Automatic control of gas chlorine 
feeders from a continuous determina- 
tion of the residual chlorine is now in 
use in several locations. This system 
of control has been used in both water 
and sewage treatment. Control of oxi- 
dation-reduction reactions, e.g. the re- 
duction of hexavalent chromium or 
the oxidation of cyanides, is entirely 
feasible and is now in use based on 
the oxidation-reduction potential. 
(ORP or Redox—Fig. 8) Some 
studies have been made of the im- 
portance of ORP in sewage treat- 
ment processes and these offer highly 
interesting speculation as to the pos- 
sibility of putting the Redox poten- 
tiometer to use in the control of sew- 
age treatment processes. 

Control of fluoride addition is cur 
rently being done by conductivity 
measurements of the water before and 
after addition of the fluoride chemical, 
und studies are now being made on 
the use of conductivity measurements 
tn the control of coagulation 

Control of acid neutralization from 
continuous pH recording cells is com- 
mon-place in many industrial waste 
treatment installations of that type. In 
all of these cases of automatic con- 
trol, present day devices for flow 
measurement are used as an integral 
part of the control system. In the ac- 
tivated sludge process, for example, 
ratios of air to sewage and of return 
sludge to sewage are now being 
sensed by flow meters and the ratio 
calculated by analog devices which 
transmit the data on ratio to gauges 
in the central control station where 
the operator can adjust either flow to 
obtain the ratio he wishes. It is a 
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simple step to adapt this system to 
automatic control wherein the actual 
ratio can be constantly compared to 
the desired ratio and the flows change 
automatically by signal from the com- 
putor device. 

As indicated previously, remote su- 
pervisory control including the op- 
eration of pumps, chemical feeders, 
valves, filters, etc., has been applied in 
numerous locations in this country as 
well as abroad. Thus it is apparent 
that automation in some of its as- 
pects is already an important part of 
the functioning water or waste-water 
treatment works. 


Future of Automation 


Obviously, not every manufactur- 
ing or treatment process can become 
completely automatic in the strictest 
sense. In the field of sanitary engi- 
neering, however, automation is more 
than just a possibility. It is on its way 
to becoming an accomplished fact. 

In discussing the subject of auto- 
matic operation before the Pennsyl- 
vania Water Works Assn. in October 
1955, Harry E. Jordan, Secretary of 
the Amer. Water Works Assn. said: 
“The ‘fear-complex’ appears to affect 
the attitude of some water works en- 
gineers and operators in considering 
the application of certain modern in- 
ventions to the operation of water 
works equipment.” Then Mr. Jordan 
recounted a number of automation 
applications in water works much as 
outlined above, except that he gave 
specific locations. 

Mr. Jordan continued: “Supervis- 
ory control of automation of water 
works installations is growing so rap- 
idly and so convincingly that it ap- 
pears to the writer that any sizeable 
program, presently in the planning or 
drafting room stage, must give con- 
sideration to the extent of automatic 
control or automatic recording of in- 
formation that would improve the op- 
eration of the system.” 

Part of the “fear complex” about 
automation in this field as well as in 
others is the fear that machines will 
replace manpower and that automa- 
tion costs too much. It is true that 
automation to some extent does and 
will reduce manpower required but 
that is not the essential reason for 
adopting automation. On this point, 
Mr. Jordan commented in these 
words : “Let it be said at this moment 
that the objective in the writer’s 


thinking is not to reduce the amount 
of manpower required to operate the 
water works system. Rather, it is to 
improve the service to the public 
through the supplementation of man- 
power by modern mechanical and 
electrical equipment . . . Automation 
is not essentially a substitute for man- 
power—it is a supplement to man- 
power. . . .” Regarding costs, Mr. 
Jordan said: “A rather obvious an- 
swer to all this chatter about auto- 
mation is that it costs too much. A 
simple rejoinder is that human mis- 
takes cost too much.” 

There is no doubt that Mr. Jordan’s 
ideas will come to prevail and that 
automation will become more and 
more important to the field of sani- 
tary engineering. We may expect to 
see the application of automation ad- 
vance most rapidly in the areas where 
it is already established, such as pump 
control, flow control, filter operation, 
chlorination and chemical treatment 
involving neutralizing and oxidation- 
reduction reaction. 

We may expect perhaps slower but 
still certain advances in the control 
of chemical treatment involving proc- 
esses utilizing chemical reactions, e.g. 
coagulation, softening and iron re- 
moval. We may expect even slower 
advances in the control of biochemical 
oxidation, sludge digestion, etc., not 
only because of the necessity of devel- 
oping adequate sensing elements but 
because enzymatic and biological re- 
actions are still not fully understood. 
That new sensing devices will be de- 
veloped, the authors do not doubt, but 
unfortunately our crystal ball does not 
indicate how soon. We do know, how- 
ever, that we have already climbed 
part way up the stairway of automa- 
tion and it appears that we may reach 
the top in the not too distant future. 
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Figure |—Centralized control room in a pumping station using desk and vertical-type 


panels 
CENTRALIZED CONTROL 


The use of centralized control rooms in water supply and sewage 
treatment plants helps designers to secure fully co-ordinated oper- 
ation and greatly reduced man-power requirements. When plan- 
ning centralized control installations you now have available a line 
of Bailey products developed especially for this service. These 
products which are described in Bulletin 17 include: 

1. Bailey Pneumatic and Electric Transmitters. 

2. Bailey Receiver-Recorders and Indicators. 

3. Bailey Pneumatic Control Components. 

4. Bailey ARMORTUBE Cable for carrying Pnuematic Signals. 


TELEMETERING SYSTEMS 


Pneumatic and/or electric signals ac- 
tuate Bailey Telemetering Systems. 
Either or both may be received in the 
Type WM55 Receiver-Recorder (Prod- 
uct Specification E12-5). Multiple re- 
ceivers may be connected to one trans- 
mitter. Several flow measurements can 
be totalized on one record. Automatic 
control may also be part of the meas- 
uring and telemetering system. 

For a complete list of factors such 
as flow, level, pressure, temperature, 
pH, conductivity, turbidity and speed 

Figure 2—Bailey Reeelver-Re- which can be measured and teleme- 
corder for pneumatic «and/or tered, ask for Bulletin 17. 


electric signals. 
Electric or pneumatic signals from Bailey Registers may actuate 
chemical feeders, fluid sampling devices, alarms, or pump controls. 


BAILEY REGISTERS 


Bailey Registers measure flow of 
sewage, industrial waste, sludge, dirty 
water or other liquids in open chan- 
nels or in pipelines. They also meas- 
ure air flow, pH, liquid level in open 
and closed tanks and reservoirs and 
other factors. 

Pneumatic and/or electric signals 
established by Bailey Registers may 
actuate automatic control systems. 


Figure 3—Mechanically operated 
register. 


Figure 4—Bailey Filter Operating 
Panels of the indicating type. 


Figure 5—Bailey Filter Operating 
Panels of the recording type. 


The following are typical applications: 
. . . FOR OPEN CHANNELS 


The Bailey Flume or Weir Meter is simple and accurate. It con- 
sists of a single float connected by a flexible cable to a sturdy 
indicating, recording and integrating mechanism, which may 
mounted on a panel board, a wall or a column. Remote location 
may be obtained by the use of a Bailey Telemetering System. Ask 
for Bulletin M22-5. 


. . « FOR PIPELINES 

The Bailey Fluid Meter accuiately measures flow of steam, 
liquids, and gases in pipelines at high or low pressures. A ven- 
turi tube, flow nozzle or orifice is used as the differential pro- 
ducing device and the meter indicates, records and integrates on 
a standard Bailey Register. This meter may also provide records 
of pressure, temperature or liquid level on the same chart. Ask for 
Bulletin 301. 


.. « FOR LIQUID LEVEL 


Bailey Registers may be used in measuring liquid level in open 
tanks and reservoirs. Three methods are available: 

Open Float Method—For location above liquid level. 

Static Pressure Method—For location below liquid level. 

Bubbler System—For measuring level or specific gravity of 
corrosive liquids and for liquids with solids in suspension. For 
more information on Bailey Level Recorders ask for Bulletin 17. 


.. + FOR AIR FLOW 


Bailey Air Meters measure air flow in main lines and in individ- 
ual lines to aeration tanks. The register used is similar in appear- 
ance to the standard Bailey Fluid Meter and is designed to oper- 
ate on a maximum differential pressure of 8” of water. 

Air flow from a rotary positive type blower can be measured 
accurately with a Bailey Electronic Type Recorder measuring 
blower shaft speed by means of an electric tachometer. This may 
be calibrated to record in terms of air flow. 


. . « FOR RATE CONTROL 


The Bailey Rate Control System is designed to meet the spe- 
cific requirements of each application. It operates at peak efficiency 
on either filter backwash, filter effluent, or filter surface sand wash 
system. Meter differentials available from 12.5 to 1200 in, of water. 


ARMORTUBE CABLE 


This protected multitube cable for 
pneumatic transmission lines minimizes 
installation costs and provides inherent 
hazard-proof protection for control sys- 
tems. It is stocked in three sizes of 4, 
8 and 12—%” O.D. copper or alu- 
minum tubes encased in heavy rust- 
resistant galvanized steel strip. Ask for 
Bulletin G91-9. 


ctewre 6—Bailley ARMORTUBE 
Cable. 


W.&S.W.—REFERENCE & DATA—1957 








in water, waste, and sewage treatment... 


A CONTROL SYSTEM IS WHAT YOU MAKE IT 


There’s more to a control system than just 
the instruments. First, there has to be a plan 
that ties them together. Whether you need a 
simple metering facility, or a complex con- 
trol network for one-man operation, Fischer 
& Porter will work with you in formulating 
such a plan. Drawing upon broad experience 
in every area of water, waste, and sewage 
treatment, Fischer & Porter can provide all 
the equipment necessary to measure, record 
and control . . . including graphic centralized 
control panels and automatic data logging 


systems, chlorinators and chemical feed 
equipment. 

For a small system or a large one, there’s 
much to be gained from this approach. 
Fischer & Porter alone offers you the bene- 
fits of unified responsibility at every step— 
through analysis, design, manufacture, in- 
stallation, start-up, and operator training. 
If you’d like to hear more about this service, 
contact the Fischer & Porter field engineer 
serving you... or write Fischer & Porter Co., 
57 Fischer Road, Hatboro, Pennsylvania. 


FISCHER & PORTER CO. 


Complete Process Instrumentation 
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Recording Instrumentation in Water Works 


Chief Water Chem. Engr 


HE OPERATION of Chicago's 

South District Filtration Plant, 
which is presently considered the 
world’s largest water treatment plant, 
depends to a great extent orf the 352 
primary measuring and _ recording 
units with which the plant is 
equipped. These instruments are es- 
sential in the control of water basin 
and tank levels, pumpage rates, and 
chemical dosage ; in the study of op- 
erating efficiency; and in preparing 
consolidated operating and technical 
reports. They provide a graphic, up- 
to-the-minute record of operating 
phases and frequently reveal unusual 
conditions which can be quickly traced 
and corrected. They gather informa- 
tion automatically and continuously 
24 hr a day without the presence of 
a human operator. In short, they sup- 
ply the data which lead to better serv- 
ice, greater safety, and more econom- 
ical operation. 

In the South District plant, record- 
ing instruments are required to oper- 
ate under conditions of dampness, 
vibration, extremes of heat and cold 
and in corrosive atmosphere; yet, as 
permanent equipment, they are ex 
pected to last for a period compara- 
ble to that of the heavy apparatus 
with which they are used. According- 
ly, the instruments used are required 
to have maximum practical accuracy 
und flexibility in combination with 
ruggedness and simplicity. 


In a large water plant it is essen- 
tial that the recording units of certain 
critical instruments be located where 
they can be observed continuously 
by the operating personnel concerned. 
At the South District plant, a cen- 
trally located control panel equipped 
with 30 automatic recorders, as 
shown in Fig. 1, is used. These re- 
cording units are actuated by pneu- 
matic or electric integrating and re 
cording transmitters located at each 
important phase in the plant's opera- 
tion. The control panel is manned by 
competent engineers 24 hr a day and 
serves as the nerve center for all plant 
operations. 


* Reprinted from Jour. AWWA Vol. 48, 


No. 5, p. 525 (1956) 


by OSCAR GULLANS 


South Dist. Filtration Plant 


All essential recording instruments 
can operate on emergency power. 
Whenever the “house” current is in- 
terrupted, the emergency generator 
and storage battery circuits auto- 
matically cut in to keep the instru- 
ments in operation. This provision is 
particularly important in the control 
of water levels, chemical feeds, and 
residual chlorine. Although only a 
few of the many recorders in use 
throughout the plant will be discussed 
here, most of those critical instru- 
ments on the control panel, which 
might be called the operating group, 
will be described. 


Water Level Recorders 


Among the most essential instru- 
ment groups on the panel is the set 
of water level recorders. The trans- 
mitters of these are actuated by pneu- 
matic equipment with impulses trans- 
mitted electrically to the recorder. 
Most of the transmitters require a 
constant source of compressed air as 
well as electricity ; some, however, 
are located to permit operation by di- 
rect water pressure from the tank or 
basin. The control of pumpage rates 
and water levels at this plant assumes 
greater importance when it is noted 
that summer peak loads require near- 
ly twice the normal rated capacity. 
Since no elevated storage is provided 
in the system, it is necessary that 
production equal consumption at all 
times. Accordingly, the plant operates 
within extremely water level 
tolerances, and a single wrong move 
can cause the filtered-water reservoir 
to overflow or flood out other por- 
tions of the plant. 

Eight essential recorders (indicat- 
ing the water levels of the pump suc- 
tion header, pump discharge header, 
settling basins, and filtered-water res- 
ervoirs) supply the control engineer 
with a continuous visual record of 
the status of each unit. These re- 
corders indicate not only when it is 
necessary to adjust pumpage rates, 
but also any unusual condition that 
may develop. As a typical example: 
At 8 pm on Jul. 31, 1949, the con- 
trol engineer observed a sudden rise 

at the rate of 1 ft in 10 min—in 


close 


Chicag 


the level of the filtered-water reser- 
voir, as indicated by the elevation 
gage shown in Fig. 2. (The reservoir 
is operated within limits of 1% ft of 
maximum or minimum levels.) A 
hurried call to the filter operators re 
vealed that the compressed-air supply 
had apparently failed and that the fil- 
ters under automatic control were 
completely open. The filtration engi- 
neer and filter operators succeeded 
in shutting off those filters quickly, 
and had matters under control by the 
time the reservoir reached a level 
within 6 in. of overflowing. The ur 
gency of the accident was compound- 
ed by the fact that it happened at a 
time when the plant was supplying 
water at nearly the peak rate. 

The experience gained from this 
mishap led to swift remedial action. 
An auxiliary compressed-air tank of 
100 cu ft capacity was installed to 
serve each group of twenty filters. 
These tanks normally function as 
part of the regular compressed-air 
system, which operates at 100 psi; if 
the pressure drops below 80 psi an 
automatic valve the supply 
from the compressor and retains the 
pressure in the tanks until the supply 
pressure is again normal. The auxil 
ary air thus provided is sufficient to 
operate filter controls for a period of 
2 hr or longer, which is time enough 
to set up the manual filter controls, 
or to place a small emergency steam 
driven compressor in service on the 
line. The plant also possesses a port 
able gasoline-powered air compressor 
which can be connected to the com- 
pressed-air line at several points. 


closes 


A second precautionary measure 
was to initiate regular periodic tests 
of all filter controls. Normally, if air 
pressure fails, the filter controls are 
designed to hold the filter at its cur 
rent operating rate, rather than to 
permit the effluent control valve to 
open wide. At the time of the near 
flood condition, however, these con 
trols failed to operate on 75 per cent 
of the filters, due to lack of proper 
maintenance. It is now standard prac 
tice for an operator to trip these con- 
trols at least once each week in addi 
tion to current preventive mainte- 
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nance, to make sure that they are op 
Subsequent tests of 
system indicated 
controls to be running per 


erating properly 
the 
the filte: 
tectly 


\s an 


additional safeguard, red 
warning lights have been installed on 
the control panel beside each record 
these turn on automatically as 
water level comes within 


compressed-air 


as the 
foot of maximum safe level. A 
ung bell rings when the pressure 
the plant’s compressed-air system 
lls below 80 ps! 
Further difficulty was experienced 
these transmitters when they 
were equipped with oil bubblers used 


with 


as air flow indicators. Some oil even 
the contact switches, 
frequent maintenance 
In addition, the small needle valves 
air supply frequently 
hese conditions were 

partially corrected by replacing the 
il bubbler cups with small rotameter 
flow indicators, using a light 

instead of a rotor. The 
lves on the air supply line 
ced by a larger type of 
compensate for 

ir. This type of air flow 
excellent 


tually reached 


necessitating 
ntrollis he 

controlling the 

became fouled 
tinal] 


Vaive, to 


service 
little 


given 


years, and 


requires 
intenance 
maintenance factor, 
to all pneumatic con 
uir-operated instruments, is 
1 for dry compressed 


r need clean, 


r. This was provided by the installa 
f and an oil 
hough the filter unit was 


electric dryer 


lesigned for glass wool fil- 


have since been re 


cellulose fiber pads, which 


hicient im line 


removing 
rf carried with the com 
uir. All 


maintenance on the 


these changes have 
water 


s by 75 per cent 


Residual Chlorine Recorders 


\nother important set of record 
nstruments is the group of seven 
1929] hh] 

lait Chior 


These are 
central control 
under contin 


bservation by the control engi 


1€ recorders 
located on the 


where they are 


All deviations or deflections of 


rders, including those caused 


ormal dosage changes, are im 
nediately reflected on the recording 
This kind of surveillance as 
the 
its progress through the 
plant at the plant 


outlet. The charts in Fig. 3 present 


charts 
sures adequate chlorination of 
water in 
and particularly 
a graphic illustration of a series of 
typical changes. 


Chart 3a indicates a sharp drop in 
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chlorine feed between 11:00 and 
11:30 a.m. The recorder is connected 
to a sampling line from the point at 
which the water enters the first mix- 
ing basin, approximately 4 min after 
the chlorine has been added. 

Chart 3b indicates the chlorine re- 
sidual at the entrance to the settling 
basin, 30 min later. On this chart, it 
will be observed, striking deviations 
caused by the sharp drop in chlorine 
feed have been tempered somewhat 
by dilution 

Chart 3c is from the residual chlo- 
rine recorder at the end of the settling 
basin, approximately 1% hr later. 
Here the dip in the curve is still quite 
pronounced. 

Chart 3d is from the recording unit 
which indicates the chlorine residual 
at the entrance to the filtered water 
reservoir. At this point the residual 
had only dropped to 0.6 ppm, which 
below the minimum stand- 
ard. It was not necessary, therefore, 
to apply additional chlorine at the 
outlet shaft. 

There have been 
when such an interruption in 
the chlorine feed, immediately indi- 
cated on the recorder charts, resulted 
in effective remedial action before the 
water left the plant. Additional chlo- 
rine may be applied at the filtered- 
filtered-water reservoir), and at the 
water header (the entrance to the 
outlet shaft, which is the final point 
of chlorination. In any if the 
recorder chart indicates an approach 
to a minimum residual at the outlet 
shaft, additional chlorine can be ap- 
plied at that point at a few minutes 
Thus, the recorder 


was not 


humerous occa- 


sit ms 


case, 


notice charts act 


as “watchdogs” for the entire chlo- 
rination process. Because of the sat- 
isfactory operation of these record- 
ers, the same type has been installed 
in the pumping stations, both in the 
area supplied by the filtration plant, 
and in the areas in which chlorina- 
tion is performed at the pumping sta- 
tion itself. 


Sand Expansion Recorders 


A recording instrument seen in few 
water plants is the sand expansion 
recorder for filters. These air-oper- 
ated gages provide a simple and in- 
stantaneous mieans of indicating and 
recording the exact position of the 
surface of the sand in a filter bed dur- 
ing washing. The system consists es- 
sentially of two parts—the transmit- 
ter, mounted on a beam over the fil 
ter bed; and a receiver, mounted on 
the filter operating table, in the same 
cabinet as the loss-of-head and rate- 
of-flow recorder. 

The transmitter consists of a dia- 
phragm housing, supporting a light- 
weight cone which rests on the sur- 
face of the sand. Lightweight tubing 
connects the with a counter- 
weighted beam arm above water lev- 
el. The beam arm is actuated by the 
tendency of the cone to float at the 
surface of the sand during washing. 
The beam arm operates the transmit- 
ter by means of an air flapper and air 
bleeder valve with bellows. Air pres- 
sure from these bellows also actuates 
the receivers. The transmitter is pri- 
marily a heavy-duty precision pres- 
sure gage containing a flow actuator, 
linkages, and a chart calibrated in the 


cone 


Fig. 1. CENTRAL Control Panel, South District Filtration Plant 


engineer's office, is equipped with 30 automatic 


recording 


and pneumatic transmitters to instruments at each mportant 
tep in the plant's operations. 





desired units. (It is interesting to 
note that sand, when in suspension in 
water, exerts sufficient pressure to 
raise a light float that will maintain 
a position at the surface of the sand 
when expanded in backwashing.) The 
instruments can be easily cleaned, and 
may be adjusted by manipulation of 
the counterweights and linkages. 

In operating the filters at the South 
District plant it is attempted to main- 
tain a backwash rate which will pro- 
duce a sand expansion of 3%4-4 in. 
This may seem somewhat low, but 
with 0.65-mm sand, experience has 
shown that this expansion is sufficient 
for thorough backwashing. Because 
the water temperature at the South 
District plant varies between 32 and 
72°F, it is necessary to adjust back- 
wash rates accordingly. At 32°F, the 
backwash rate for each filter is nor- 
mally 25-26 mgd, while at 72°F as 
much as 34-35 mgd may be required. 

Observation of the sand expansion 
chart quickly indicates current back- 
wash conditions. As the chart is op- 
erated by an automatic time clock 
which rotates only while the back- 
wash is in operation, the recorder in- 
dicates the exact duration of the back- 
wash as well as the record of sand 
expansion. A single chart is normally 
sufficient for recording the filter 
washes for 7 days. With this type of 
control the chart indicates any un- 
usual conditions which might be detri- 
mental to the filters, such as overex- 
pansion of a sand bed, short washing 
period, or incomplete closing of the 
wash valve. The float unit does not 
seem to be affected by the surface 
wash system 

Figure 4 is a composite chart from 
the surface wash recorder on Filter 
31. Section 1 indicates a long wash 
period (about 6 min) with only 3 in. 
of sand expansion, probably due to a 
low level of the wash-water tank. Sec- 
tion 2 indicates a slow opening of the 
backwash valve; Section 3, a slow 
closing. Sections 4 and 7 are typical 
of a normal filter wash of 2-3 min. 
Section 5 indicates that the operator 
closed the backwash valve instead of 
the surface-wash valve. Section 6 is a 
typical indication of the start of back- 
washing on another filter while the 
wash is still in progress on the filter 
to which the chart applies. 

These recorders require very little 
maintenance. An occasional oiling and 
cleaning of the linkages serves to keep 
them in smooth operating condition. 
As clean dry air is used in the South 
District plant, the input control ori- 
fice seldom needs to be cleaned. Flexi- 
ble rubber air connections require oc- 
casional replacements, and the South 
District plant considers synthetic tub- 
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Fig. 2. WATER Level Recorder Chart 
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ing more satisfactory for its pur 
poses.* Installation of these sand ex 
pansion recorders on each of the 
plant’s filters has proved a sound in 
vestment. 


Filter Controls 


The filter loss-of-head and rate-of- 
flow recorders are standard units 
equipped with air transmitters. The 
rate of flow is measured by the dif 
ferential pressure from the venturi 
tube, which actuates the diaphragm 
chamber to one side of the transmitter 
unit. Compressed air at a reduced 
pressure (2'%-15 psi) operates the 
transmitter through an input-restrict- 
ing orifice. The variable pressures are 
in turn transmitted to the recording 
chart on the filter operating table. 
The loss of head is measured by static 
pressure maintained across the upper 
and effluent section of the filter. 

Within 2 years after these instru- 
ments were installed it was necessary 
to replace all the steel attachments 
with stainless steel hardware, because 
of rusting and corrosion due to damp- 
ness in the air. This was also required 
on the transmitter units on the loss- 
of-head and rate-of-flow recorders. 
The plastic mercury wells on these 
units began to crack after about 5 
years of operation. This is believed 
to be due to the method of attaching 
the wells to the holders; and the 
screw locks presently used for that 


*Tygon, a brand of synthetic corrosion-re 
sisting tubing manufactured by US Stone 


ware Co., Akron, Ohio, is used 
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purpose are being replaced by metal 
ring clamps. 

Dehumidification equipment was 
installed in the filter pipe galleries in 
1950 to reduce exterior corrosion of 
instruments and filter equipment. Hu- 
midity is now maintained at less than 
50 per cent at all times, regardless of 
temperature, and condensation has 
been completely eliminated. It is esti- 
mated that this equipment has already 
more than paid for itself in reduced 
maintenance costs. 

The air supply used in these air- 
operated instruments should be abso- 
lutely clean and without free mois- 
ture. The importance of this is evi- 
dent from the fact that the input 
restricting orifice measures only 0.007 
in. in diameter. Pressure in excess of 
5 psi above the required operating 
level should be available. 

For small installations, if there is 
no air available from a compressed- 
air header, a small compressor of the 
diaphragm type works very well, with 
adequate controls. The supply should 
first be passed through an effective 
air cleaner to remove dirt and mois- 
ture, then through a reliable pressure- 
reducing valve and a sufficient length 
of metal tubing to allow the expanded 
air to assume room temperature be- 
fore entering the instruments. 

For larger installations, in which 
the air supply comes from a com- 
pressed air main, it is best to feed the 
air through a pressure tank which 
can serve to collect oil and water 
globules or even scale accumulated 
in the air main. An additional ait 
dryer and cleaner should be used in 
the line after pressure reduction. 
When the header supply fluctuates in 
pressure, pulsation may be eliminated 
by using two pressure-reducing 
valves in series, setting the first valve 
midway between the high and low 
pressures. Copper refrigeration tub- 
ing is recommended for most piping 
connections as it is flexible, free of 
internal scaling, and less subject to 
leaks. Only globe or globe needle 
valves packed for air service should 
be used. 


Flowmeters 


Another important recording in- 
strument of the flowmeter type is the 
propeller-type indicator-totalizer-re- 
corder meter located in the outlet 
shaft. This outlet meter is in con- 
tinuous function recording the actual 
water output to the South District 
pumping stations. The water velocity 
actuates a six-bladed propeller, 33 in. 
in diameter, which is mounted in the 
center of a 16-ft diameter shaft, 82 
ft below the surface. The propeller 
drives an enclosed vertical shaft to 
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. apg recorder C r nt's operatior hart s from the point at which water enters first mixing 
pipeline. This instru basin: Chart b from entrance to the settling basin; Chart ¢ from output end of settling basin; 
f a flow transmitter Chart from entrance to the filtered water reserv 
electric cable to a dyna 
Pneumatic or electric rate filters with restricted effluent yet are rugged and reasonably fool- 
as recorder or alarm lines. proof. Wherever a specific action 
ay be added to the dyna- must be repeated for every increment 
ent in the usual manner. Maintenance of total flow or of the weight of a 
substance added to a process, inte- 
grating flowmeters using automatic 
sequence timing controls can be used. 
It must, of course, be possible to do 
the job mechanically, but it does not 
matter whether the substance flows 
continuously or is added in batches. 
In water treatment plants this se- 
quence control is usually based on 
continuous flow. For measuring liq 
uids and solids, there are a number 
of continuous-weighing and flow con- 
trol systems commercially available. 
Instruments of this type have been 
in use for many years on automatic 
washing machines and industrial 
process-control equipment. 
Some of the principles and meth- 
are. , A look into the future shows that ods of automatic control have already 
BCE nation of flowme- anid advance is being made in adapt- been adapted for the regulation of 
order proves to be accurate ing certain industrial instruments for fluoridation equipment and _ similar 
d variable flow rates, it water works use. Instrument manu- types of chemical feeders. Many can 
eliminate some problems facturers have developed automatic be developed for use on existing 
tered in operating high- controls that require little attention, equipment: indeed, electronic devices 
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Maintenance of all recording in- 
struments is performed by a full-time 
electrician-mechanic who is specially 
trained for this service. There is, in 
addition, a team of technical engi- 
neers, whose primary function is to 
calibrate instruments and detect mal- 
functions. A preventive maintenance 
schedule is set up for all instruments, 
and all necessary repairs are recorded. 
This schedule assures inspection and 
maintenance of each instrument at 
specific intervals and has resulted in 

determine its edapta- good performance with minimum re- 
ipe sizes. A unit Of placements. 
pe has been used for some 


ow conditions. it 
low in either direction 
be used for experimen 


easuring flow rates on Automatic Controls 


up to 8-in. diame 
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Fig. 4. COMPOSITE Chart From Sand Expansion Recorder 


hart 


permit the addition of integrators, 
controls, and recorders without direct 
contact to existing equipment. The 
choice depends largely on the degree 
of automation desired, as continuous 


timer systems can be made either par- 
tially or completely automatic. Com 
binations of instruments and remote 
control devices now available are able 


(with sequence timing control) to 
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perform the complete operation of 
shutting down, -washing, and return 
ing to service a rapid sand filter with 
out human attention, recording all 
operations in the process. 

Such instrumentation, 
signed for maximum accuracy 
flexibility together with ruggedness 
and simplicity, can provide the an 
swer toa number of operating prob 
lems. The controls 
and recording 
the market should be 
termine whether they can be adapted 
Human op 
relia 


when de- 
and 


many automatic 
instruments 


studied to de 


now on 


for use in water works 
eration is not always the most 
ble: in water plants that operate 
around the clock, the incidence of hu 
man failure on night shifts is quite 
high. Accordingly, automatic controls 
and recording instruments should be 


considered when they will 


1. Reduce the danger of failure ot 
treatment facilities 
\id the operators in performing 
their duties more efficiently 
Reduce labor requirements 
\ssure management that ope 
ating procedures will be carried 
out as intended 
Reduce plant maintenance costs 
Improve and stabilize the quali 
ty of the filtered water. 


Under the able leadership of John 
R. Baylis, Engineer of Water Purifi 
seven experi 
mental projects in progress at the 
South District Filtration Plant. In 
strumentation play $ an important part 


cation, there are now 


} 


many of these projects, and, as sur 
veillance tests are completed and min 
or defects are discovered and re 
moved, it is hoped they will prove of 
value to the water works industry. 
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DISTRICT OFFICES: Cincinnati « Charlotte * Chicago « Cleveland «+ Boston 
New York « St. lovis * Minneapolis * New Orleans * Dallas * Houston 
Pittsburgh * Philadelphia * San Francisco 


IN CANADA: Standard Chemical Limited and its Commercial Chemicals Division 
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Liquid Chlorine 


Columbia-Southern is the world’s largest merchant 
producer of chlorine. Its chlorine is produced under 
careful supervision to assure high purity. Shipments 
are made promptly in 15-ton multi-unit cars, and in 
55, 30 and 16-ton single unit tank cars. 


Pittchlor® 


Pittchlor is a dry, granular, free-flowing, water soluble, 
highly stable Calcium Hypochlorite containing a 
minimum of 70% available chlorine. 

In water supply systems, Pittchlor is used in the 
destruction of algae in reservoirs, the disinfection of 
distributing mains, the conditioning of filters, etc. 
Pittchlor’s high stability also makes it an excellent 
stand-by product for emergency chlorination in the 
event of fire or flood, or when the water system has 
been contaminated accidentally. 

In sewage treatment, Pittchlor’s convenience and 
efficiency make it desirable for many uses, the major 
ones of which are: 1) to reduce Biochemical Oxygen 
Demand, 2) to suppress objectionable odors, 3) to 
disinfect effluent discharge, 4) to facilitate coagula- 
tion, 5) to meet the need for available chlorine in 
emergency purposes. 

Pittchlor is packed for increased handling ease in 
100 Ib. drums with fully removable heads; also fur- 
nished in convenient 2% Ib. (6 per case) and 5 Ib. (9 
per case) resealable cans. 


Light Soda Ash 


Excellent for water treatment—free-flowing, rapidly 
soluble. It is a 99-100% NagCOs product with an 
NazO equivalent of more than 58%. Furnished in bulk 
cars or 100 Ib. paper bags. 


Caustic Soda 


In liquid form, 50% and 73% concentrations. Shipped 
in 8,000 and 10,000 gallon tank cars. Also in 1,100 
ton tank barges (50% only). 

In solid form, tests 98-100% NaOH. Available in 
100 Ib. and 700 Ib. drums. 

In flake form, 98-100% NaOH. Available in 100 
Ib. and 400 Ib. drums. 


Pittabs® 


Chlorine in dry, white, tablet form. Consists of Cal- 
cium Hypochlorite containing a minimum of 70% 
available chlorine. 

Especially valuable in swimming pools because the 
tablets are slow dissolving and provide a continuous 
supply of available chlorine throughout an 18-hour 
cycle. Pittabs are excellent for uses in water and 
sewage works where the advantages of slow dissolv- 
ing chlorine tablets are of value. 

Pittabs are packed in 3 lb. and 7¥ Ib. resealable cans 
and in 100 Ib. drums. 


For further information on any of these prod- 
ucts, please contact the Pittsburgh office or any 
of the branches, 





CHEMICAL HANDLING AND FEEDING 


T HE COMMON water treatment 
process involving chemical treat- 
ment processes include algae control, 
coagulation, color removal, corrosion 
and scale control, chlorination, fluor- 
idation, iron and manganese removal, 
pH adjustment, softening and taste 
and odor control. Less common treat- 
ment processes include silica activa- 
tion, boiler water treatment, chlorine- 
ammonia treatment, dechlorination, 
defluoridation silica removal, slime 
control and ion-exchange regenera- 
tion. 

In the treatment of sewage the most 
common chemical processes are chlo- 
rination for disinfection and odor con- 
trol, sludge dewatering and coagula- 
tion, oxidation and reduction: neu- 
tralization may be required if the sew- 
age contains certain types of industrial 
wastes. 


Available Forms of Chemicais 

There are more than fifty chemicals 
used for one reason or another in 
water or sewage treatment, many of 
which are used for special treatments. 
Dry chemicals come in various par- 
ticle sizes (powder, ground, lump, rice, 
pellets, etc.) depending on the partic- 
ular chemical and its intended use. 
Liquids, solutions and gases (usually 
liquefied under pressure) are other 
available forms of chemicals. 


Characteristics of Chemicals 

Most chemicals have distinctive ap- 
pearances and properties. Among the 
important properties are toxicity, ef- 
fect on skin, corrosiveness, and ex- 
plosion or fire hazard, its activity in 
the presence of air or moisture. Bulk 
density of dry chemicals, commercial 
strength, and the solubility of chem- 
icals are important factors in handling 
and feeding. 


Handling and Storage 

Unloading and storage facilities re- 
quired depend on the chemical, its 
form, and intended use. Bulk chem- 
icals may be transferred from railroad 
car or truck to storage by air con- 
veyors, bucket elevators, direct dump- 


ing or shoveling. Packaged dry chem- 
icals (bags, drums, barrels) are han- 
dled by hand or truck. Liquids, solu- 
tions, and liquefied gases each have 
their own particular methods of han- 
dling and storage. 

Materials for handling of chemicals 
depend on the chemical, its condition, 
and its characteristics. In short, the 
nature of the chemical (dry, liquid, 
solution or gas) as well as it reactivity 
with other materials determines the 
material used for handling. 


Chemical Feeders 


Equipment for apportioning and 
adding chemicals to water or sewage 
is termed a chemical feeder. There are 
two basic types of dry feeders, vol- 
umetric and gravimetric. Volumetric 
feeders may be oscillating plate, oscil- 
lating throat, rotating disc, star feeder, 
screw feeder, ribbon feeder, or vibrat- 
ing feeder. Gravimetric feeders may 
be continuous, semi-continuous, loss- 
in-weight, or any one of several mis- 
cellaneous types. 

Solution feeders may be non-posi- 
tive or positive displacement. Non- 
positive displacement solution feeders 
include decanters, orifice rotameter 
and crystal solution types. Positive 
displacement feeders include the rotat- 
ing dipper and proportioning pumps. 

Gas feeders operate on the principle 
that a gas flowing through an orifice 
causes a differential pressure which 
is related to the rate of flow of gas. 
There are three methods by which 
this principle can be applied. These 
metheds include varying the pressure 
or vacuum upstream or down stream 
of the orifice, or varying the orifice 
itself. 

Chlorine gas feeders are classified 
in several ways: (1) State of Chlo- 
rine, (2) basis of design features, and 
(3) methods of applying vacuum. 

Miscellaneous chemical feeders in- 
clude diaphragm pumps and Moyno 
pumps for feeding slurries of lime or 
activated carbon. Lime shakers and 
chemical feeders for activated silica 
solutions are also miscellaneous type 
feeders adapted from other standard 
type feeders. 

Accessories required for dry chem- 


ical feeders include hopper agitators, 
dissolving chambers, bucket elevators, 
dust collectors, proportioning weirs, 
manifolds, gravimetric feeders, etc. 
The selection of dry chemical feed- 
ers must consider such factors as op- 
erational requirements (feed rate, ac- 
curacy, records, type of control), stor- 
age requirements, location of installa- 
tion, type of installation, type of feed- 
er, and accessories. The selection of 
solution or slurry type feeders must 
also consider these same basic factors. 


Feeding of Chemicals 


Dosage of chemicals is the amount 
required to produce the desired re- 
action, expressed in terms of concen- 
tration of the chemical in the liquid 
being treated. Feed rate is the amount 
of chemical added to the liquid under- 
going treatment, expressed in the rate 
of addition per unit time. Solution 
strength refers to the concentration of 
chemical in the solution as it is dis- 
charged into the liquid to be treated. 
The best method of expression of 
solution strength is in terms of pounds 
per gallon. (Use of per cent solution 
may be misleading unless the calcula- 
tion is made properly). 

The type of feeder, chemical solu- 
tion strength, method of dissolving 
usually depends on the particular 
chemical being fed and the purpose 
of the treatment. 

In the matter of operation of chem- 
ical feeders, control is important. 
Analysis is usually the basis of ulti- 
mate control of dosage and feed rate. 
Actual control may be by manual, 
semi-automatic or automatic systems. 
Operating control nomograms are 
often useful in calculating dosage. 

Problems of operation arise in dry 
feeders from arching of chemicals, 
caking due to moisture, poor grade 
chemicals, impurities, variation in 
bulk density of the chemical, mechan- 
ical failures and other factors. Solu- 
tion and gas feeders, too, are subject 
to operational difficulties for a variety 
of causes. Preventive maintenance, 
alert operators, good records, and reg- 
ular factory service are the best means 
of reducing operating problems to a 
minimum. 
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and Lime Slaking 


by H. E. LORDLEY 


jectionable for use in water purifica- 
tion plants yet suitable for other 
chemical processes. Other sources are 
high in iron and silica content, so 
it is well to study analysis of the raw 
stone before buying lime for the wa- 
ter plant. At the lime plant, in the 
first step of processing the rock for 
calcining, a superior finished product 
results if mud, sand, and other im- 
purities are removed before burning. 
[n the actual calcining step, the man- 
ufacturer can control both the phys- 
ical and chemical properties of the 
lime, either by the type of kiln or 
the method of firing. Therefore, much 
lime is either underburned or over- 
burned by lack of control of the proc- 
ess at the kiln. 

For example, the lime burned in 
the old style vertical kiln using coal 
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Fig. 1.—TYPE of lime siaker used in Richmond, Va. 
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snd temperature 


as a source of heat without modern 
control equipment slakes very slowly. 
On the other hand, the modern con- 
trolled rotary kiln produces lime that 
will slake so rapidly that it actually 
explodes in the slaker. The author 
recalls an amusing incident at the 
Richmond water filtration plant on 
changing from a vertical kiln to a 
rotary kiln lime. The operator fran- 
tically called to report that the lime 
slaker was out of order and making 
a terrible rumble in the slaking cham- 
ber. On investigation, the new rotary 
kiln lime was producing miniature 
explosions that sounded like a loose 
agitator blade. Also common to the 
old style vertical kiln is the large per- 
centage of core as compared to prac- 
tically core-free lime from the rotary 
kiln. Thus it can be seen that all lime 
is not the same from every lime plant 
and the water works executive must 
choose the source of lime carefully 
if highest efficiency is to result. 


Lime Properties 

After the lime leaves the kiln it 
must be graded as to size. Quick lime 
can be furnished in sizes varying 
from a fine pulverized product, which 
will pass a 200-mesh screen, to a peb- 
ble lime of 2-inch size. In determining 
the proper size to use in the plant, 
the operator must remember that the 
pulverized lime offers both a dust 
problem and a feeding problem due 
to arching in the hopper. Dust can 
be controlled by proper ventilating 
system, but arching is just a universal 
worry. Arching can be partly cor- 
rected by design of lightweight hop- 
pers having a bottom slope of not 
less than 60° from the horizontal. 

Vibrators on the side of the hopper 
will further reduce arching, but the 
best answer is the use of pebble lime 
from %-inch to %-inch in size, pro- 
vided suitable feeding and slaking 
equipment is available. Dust is re- 
duced, arching in hoppers is elimi- 





nated, and air-slaking of lime in stor- 
age is not as rapid with pebble lime 
as with pulverized lime. 

Another physical property of in- 
terest is the color of the lime; white, 
gray, black, blue, etc. All are high in 
calcium oxide, and color is not a cri- 
terion of a good lime. The chemical 
properties and specifications are easy 
to determine in the laboratory. The 
lime should contain not less than 85 
per cent CaO, have a low magnesia, 
silica, and iron content, and be free 
of arsenic. 

In many plants today, calcium hy- 
droxide (hydrated lime) is preferred 
to calcium oxide, due largely to lack 
of information and equipment for 
slaking the oxide. The lime manu- 
facturer is anxious to dispose of cal- 
cium hydroxide, since all fines from 
calcium oxide are converted into cal- 
cium hydroxide at the lime plant. 
The water works executive must re- 
member that he pays for the slaking 
process plus freight on water in haul- 
ing hydrated lime in preference to 
burned lime. 


Economic Considerations 

In Table 1, a typical analysis and 
price of calcium hydroxide as com- 
pared to calcium oxide shows the 
economic status of the two types of 
lime. In buying a typical pebble cal- 
cium oxide in place of calcium hy- 
droxide, a net saving of $7.00 per 
ton of CaO equivalents is realized, 
plus higher operating efficiency. In 
actual plant operation the saving will 
be greater, since the theoretical ratio 
of one part CaO to 1.32 parts 
Ca(OH)». approaches a practical op- 
erating ratio of 1 part CaO to 1.5 
parts Ca(OH)». 

\nother way to save money in buy- 
ing quick lime is in the size of the 
lime. A pulverized calcium oxide 
(passing a 200-mesh sieve) is more 
than a standard pebble or 
cracked lime. The manufacturer must 


costly 


charge for the expensive process of 
pulverizing and will raise the price 
of calcium oxide for the pulverized 
product. Also for large plants, lime 
shipped in 15-ton cars nore 
than in 25-ton car, due to the freight 
rates. 


costs 


With the money that can be saved 
by shifting from calcium hydroxide to 
pebble calcium oxide, an execellent 
feeder and slaker can be purchased 
and the lime treatment will become 
a controlled process rather than the 
usual “hit-or-miss” process. The op- 
erator should investigate and experi- 
ment with different types of lime 
to find the one best suited to his own 
plant and local conditions, 

















Fig. 2—REAR VIEW loss-in-weight feeder and 


Lime Slaking Equipment 
and Operation 

The operation of the slaker is not 
easy. Like a man learning to ride a 
bicycle, the problem looks simple yet 
requires initial research and a few 
hard knocks before the art is mas- 
tered. 

First, and most essential, is an effi- 
cient dry-feeder. In the Richmond 
filtration plant, an Omega lime feed- 
er delivers the lime to the slaking 
vat at an exceptionally accurate rate. 
The feeder is of the gravimetric batch 
type, having a maximum capacity of 
250 pounds per hour and a minimum 
capacity of 2.5 pounds per hour. The 
feeder has a 1,000-pound capacity, 
and a properly designed hopper 
equipped with an agitator and mount- 





TABLE | 


Economical Comparison of CaO 


and Ca(OH). 





Typical Typical 
Calcium 


Oxide 


Lime 


Calcium 
Hydroxide 


Lime 





lime slaker, 250 Ib per hour. 
x na, ¥a 

ed on a sensitive beam scale. The ad- 
justing mechanism for changing the 
rate of feed is located in a compact 
unit with an alarm to indicate any 
trouble in feeding, such as an empty 
hopper or failure of material to leave 
the hopper. The lime feed is con- 
trolled by the vibrating plate at the 
bottom of the hopper. 

The pebble lime, not exceeding 
%4-inch size, falls off the vibrating 
plate directly into a compact Omega 
slaker located on the same floor with 
the feeder. The unit is equipped with 
a water-operated vapor removal sys- 
tem to collect dust and steam from 
the slaker. The water from this unit 
is not wasted, but is used as make-up 
water for the slaker or in conveying 
the lime to the point of application. 
The slaker has a minimum retention 
period of 30 minutes at the maximum 
rate of feed and is agitated with a 
motor-driven impeller so adjusted as 
to give proper circulation in the cham- 
ber. The type of slaker used is shown 
in Fig. 1. 


Temperature Control 
is Important 

The optimum temperature for slak- 
ing will vary both with the type of 
lime and the retention period in the 
slaker. The most efficient slaker tem- 
perature range is between 160° and 
180°F; above 180°F the steam and 
vapor will overload the vapor re- 
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LIME STORAGE ROOM 
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WATER TO CITY 





Fig. 3—LIME HOUSE arrangement at Richmond, Va., water plant 


moval equipment and cause corrosion 
of the slaker and feeder. In the Rich- 
mond plant, the optimum temperature 
is 160°F using a pebble lime having 
a 96 per cent CaO content. To main- 
tain this temperature in the shaker, 
with the incoming water varying be- 
tween 33° and 85°F, an electric wa 
ter heater of three No. M-240, 4-000- 
watt Chromolox immersion heaters 
was purchased for the job. (See Fig. 
2). The heaters are equipped with 
three-way switches for seasonal con- 
trol and thermostats on each unit to 
supply make-up water at a uniform 
temperature regardless of the tem- 
perature of the incoming water. The 
heat of hydration of calcium oxide 
is 273 calories per gram. However, 
in slaking small quantities of lime 
some of this heat is lost and must be 
supplemented by heat from the make- 
up water. 
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Proper Water 
to Lime Ratio 

In slaking lime, too little water 
gives a heavy slurry that is too thick 





TABLE 2 


Water Meter Reading vs Dial 
Setting for Optimum Ratio 
| Lime to 4 Water 





Meter 
Reading, 
cu ft 


Lime 
Feed, Dial 
Ib./hr Setting 


1.75 ! 3 
8.75 5 1.6 
17.50 10 3.4 
26.25 15 5.0 
35.00 20 6.7 
43.75 25 8.4 
52.50 30 10.0 
61.25 35 11.7 
70.00 40 13.5 
78.75 45 15.1 
87.50 50 16.7 
96.25 55 18.4 








*Spec ates three times actual 


al meter dial; indi 


“ 


to be agitated properly by the im- 
peller, yet an excess of water in- 
creases the expense of heating make- 
up water and dilutes the lime so that 
maximum retention time in the slaker 
is materially reduced. Different 
brands of lime require variable quan- 
tities of water, but a slurry of the 
proper viscosity is usually obtained 
by a range in ratio of lime to water 
from 1:3 to a ratio of 1:5. After a 
series of experiments at the Rich- 
mond plant the ratio of 1:4 was adop- 
ted. This ratio gives excellent oper 
ating results. 

To control the ratio, a standard 
water meter is connected in the sup- 
ply line to the heater. The meter is 
geared so that the lowest dial actual- 
ly reads three times the amount of 
water passing through the meter. For 
example, 1 cubic foot of water pass- 
ing through the meter indicates 3 
cubic feet on the dial. This method 
was devised to afford the operator 
a chance to check the water flow at 
low rates much more readily than 
with the regular meter dial. After 
checking the flow, the operator re- 
fers to a chart (see Table 2) show- 
ing the meter reading corresponding 
to each rate of lime feed for a ratio 
of 1:4, adjustment being made by 
the needle control valve if necessary. 
Example: Feed of 50 pounds of lime 
per hour requires (for ratio 1:4) 
50 x 4 or 200 pounds of water, or 
3.2 cubic feet per hour. On the special 
dial this reads 3.2 x 3 or 9.6. On the 
chart opposite the rate of 50 pounds 
per hour is the value 9.6, which 
should be the reading of the meter 
for one hour. The operator adjusts 
the valve to get this reading. Another 
method of measuring the water is 
through use of a rotameter, as in the 
equipment in Fig. 1. 

The lime after slaking is diluted 
with water from the vapor removal 
unit and flows over a weir into the 
outlet line. Some lime has consid- 
erable core. Therefore, the machine 
is designed for core removal, with- 
out stopping the slaker operation. The 
core is removed to a chamber to be 
washed to recover any calcium hy- 
droxide on the surface and then is 
dumped into a trash can under the 
slaker. 


Piping Lime Suspensions 

No other problem seems more per- 
plexing than that of transporting the 
lime to the point of application 300 
feet or 400 feet from the slaker. 
Many plants use rubber hose and 
clean the line by beating or shak- 
ing the hose. The author has found 
that the open trough is the simplest 
method of delivering the lime, pro- 
vided the necessary fall can be ob- 








TABLE 3 


Station No. 34* 
Location—Broad Rock Road 





After Slaker 
Installation 
_ 1940 1956 


Before Slaker 
Installation 


Determination 1938 _ 


0.00 0.05 
0.80 0.10 
: 1 

24 


99? 





tained between the machine and the 
point of application. 

In the design of a new plant the 
solution lines can be kept to a mini- 
mum by locating equipment close to 
the point of application. At the new 
purification plant in Richmond, the 
lime house is located over the efflu 
ent wells and the solution line is only 
3 feet in length. Fig. 3 shows the 
arrangement of the lime house with 
the pneumatic unloader, storage bins 
and feed machines. This system pro 
vides minimum handling of lime and 
no difficulties have been experienced 
in maintenance or operation of the 
machines or solution lines. 


pH Control Simplified 


So accurate is the control of pH 
with the new Omega slaker that in 
the Richmond plant a constant pH 
of 8.7 can be held in the finished wa- 
ter. It is important to note in Table 
3 that prior to the installation of the 
slaker, there was trouble in the dis- 
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TWIN installation of loss-in-weight feeders and lime siakers at Scituate, R. |. 


tribution system with a decided drop 
in pH. With the present slaker there 
is only a slight drop and a corres- 
ponding decrease of iron in the dead- 
ends. This can only be explained by 
the fact that the controlled slaking 
is productive of a more highly pep- 
tized lime suspension—more nearly 
a colloidal suspension. 


It is hoped that waterworks men 
will study lime treatment and get 
more lime per dollar. It must be re- 
membered that obsolete equipment 
often can be scrapped and new equip- 
ment purchased with the saving, so 
why not have a modern plant at no 
extra cost? 
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TENNESSEE CORPORATION 


FERRIC SULFATE 


The Superior COAG ULANT 
With The Plus FACTORS = 


Ferri-Floc gives smoother, more efficient and trouble free opera- 
tion. Whatever your particular water treatment problem may be, 
you can depend on Ferri-Floc doing a superior job and doing it 
efficiently and economically—Ferri-Floc is a free flowing granular 
salt which can be fed with few modifications through any standard 
dry feed equipment. It is only mildly hygroscopic, thereby per- 
mitting easy handling as well as storage in closed hoppers over 


long periods of time. 


WATER TREATMENT SEWAGE TREATMENT 


Efficient coagulation of surface 
or well water. Effective in lime soda- 
ash softening. Adaptable to treat- 
ment of all industrial applications. 


LIQUID 


——— 


Ferri-Floc coagulates wastes over 
wide pH ranges — It provides effi- 
cient operation regardless of rapid 
variations of raw sewage — Is effec- 
tive for conditioning sludge prior 
to vacuum filtration or drying on 
sand beds. 





QUALITY 


* $02 * 


SULFUR DIOXIDE is effectively 
used for dechlorination in 
water treatment and to re- 
move objectionable odors re- 


maining after purification. 





COPPER SULFATE 


COPPER SULFATE will control 
about 90% of the micro- 
organisms normally encoun- 
tered in water treatment more 
economically than any other 
chemical. 





® Excellent taste and odor control ’ ® increased filter runs 
® Coagulation over wide pH ranges ® Rapid floc formation 
® Bacteria removal ®Turbidity removal © Ease of Operation 
® Manganese and Silical removal © Color removal ® Economy 


TENNESSEE 


FREE BOOKLET 


Let us send you without 
charge, a 38 page booklet 
that deals specifically with 
all phases of coagulation— 
just send us a postal card. 


CORPORATION 


a SS NT TS ee 


617-629 Grant Building, Atlanta, 
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COAGULATION, MIXING 
AND SEDIMENTATION 


~ LARIFICATION is the term ap- 
C plied to the removal of suspended 
and dispersed matter from liquid by 
means other than filtration. Coagula- 
tion is a two phase process of mixing 
and flocculation to produce destabil- 
ization and agglomeration of colliods 
and finely divided suspended matte: 
by the addition of a floc-forming 
chemical coagulant. 

Mixing, the first phase of coagula- 
tion, consists of violent agitation of 
the liquid and coagulant for the pur- 
pose of rapidly dispersing the dis- 
solved coagulant. Flocculation, the 
second phase of coagulation, is the 
term applied to the show agitation of 
a liquid containing a coagulant to 
cause the growth of floc particles by 
collision, aggregation and coalescence 
of colloids and suspended solids. Sed- 
imentation or settling is the process 
or subsidence and deposition under 
the influence of gravity of suspended 
matter in water or sewage. 


Mechanism 


The mechanism of coagulation in- 
volves the destabiligation of electricity 
charged colloids by using certain 
chemicals such as aluminum or iron 
compounds, the ions of which carry 
electric charges. Hydrous oxides of 
flocculant nature form to aid in the 
entrappment and settling of fine par- 
ticles. 

The need for coagulation in water 
treatment is especially important to 
the removal of objectionable suspend- 
ed and colloidal matter. Coagulation, 
followed by sedimentation reduces the 
load on sand filters, improves filter 
operation and increases filter runs. 
Coagulation, also may be helpful to 
reduce color, and iron and maganese. 

In sewage treatment, chemicals 
coagulation, when used is for the same 
purpose as in water treatment, namely 
to agglomerate and remove colloidal 
suspended matter. 


Coagulation Factors 

Certain factors in coagulation are 
subject to control. These are choice of 
coagulant, quantity of coagulant, mix- 
ing and flocculation time. Other fac- 
tors which affect coagulation are not 
subject to control; these are amount 
and character fo impurity, chemical 
characteristics of the water and tem- 
perature of the water. Coagulation 
aids include the addition of artificial 
nuclei, solids-contact in up flow clar- 


ifiers, and activated silica. In coagula 
tion practice, control is important. 
One means of control is the “Jar Test 
Procedure”’. 

Other factors in coagulation are 
points of application, need for added 
alkalinity, possible effect of prechlo- 
rination, use of activated silica or ac 
tivated carbon, and sequence of ad- 
dition of chemicals. 


Mixing 

Mixing of the coagulant chemical 
with water or sewage may be ac- 
complished by mixing basins or 
mechanical mixers. Mixing basins are 
usually baffled with baffles being 
either vertical or horizontal. 

Mechanical mixing devices can pro- 
vide an optimum rate of mixing both 
for rapid dispersion of coagulant and 
for slow flocculation reaction, in- 
dependently of rate of flow. Rapid or 
flash mixers usually are high speed 
paddles. Flash mixing is generally 
kept to below 15 seconds and not 
more than 60 seconds even in large 
mixing basins or wells. 

Flocculation may be used without 
chemicals in sewage treatment to in- 
crease the size of the particles and 
thereby improve settling and removal 
of suspended matter. Flocculating 
basins contain slow moving paddles 
or lattice baffles which revolve at 
peripheral speeds below 1.3 ft per 
sec. One type of flocculator consists 
of paddles tranverse to flow. They 
rotate out of phase and impart a bar- 
rel roll effect in the water. Another 
type has paddles on a shaft longi- 
tudinally parallel to direction of flow. 
A third type is the “walking beam” 
flocculator. Other mixing devices in- 
clude the hydraulic jump and mild 
aeration. 


Sedimentation 

Particles, in water or sewage, hav- 
ing a density greater than that of 
water will settle under quiescent con- 
ditions. The object of sedimentation 
basins is to reduce the velocity of flow 
toward quiescent conditions so that 
the carrying power of flowing liquid 
will be reduced and settling of sus- 
pended particles will occur. 

Many factors affect actual 
mentation ; these are specific gravity 
of solids, movement of water, shape 
and concentration of particles. In 
practice, the object is to provide not 
only a slowing of the water but also 


sedi- 


space for siorage of the settled solids 
ind means for removing these solids. 

In the ideal basin, the detention 
time is the length of time for a seg- 
ment of flow from one end of the tank 
to another. Detention time is calcu 
lated by dividing the volume of the 
tank by the rate of flow through it and 
in essence is a function of the over 
flow rate. 

Flow-through time as opposed to 
theoretical detention time is the mini 
mum time required for a particle of 
water to pass through a settling tank. 
The detention period is from two to 
twenty times the flow-through period. 
Among the factors which affect the 
flow-through time are stray currents, 
short circuiting, and design of inlet 
and outlet structures. 


Sedimentation Tanks 

Factors which are important in 
the design of sedimentation basins 
are: plant capacity type of treatment, 
number of basins, size and shape of 
basins, inlet and outlet arrangements, 
overflow rate, velocity of linear flow, 
sludge storage and removal. Settling 
tanks may be rectangular, circular, 
upflow, two-story, and concentric. 

Removal of sludge solids as rapid 
ly as they accumulate, is desirable in 
both water and sewage plants in order 
to prevent putrefaction of organic 
matter. Mechanical removal of sludge 
is practiced in nearly all circular and 
many rectangular tank installations. 
In circular tanks, scrapers or plows 
attached to rotating arms, plow the 
settled sludge to a center sump from 
which it is pumped. In rectangular 
tanks, scrapers or flights scrape along 
the bottom and move the sludge to 
an end sump, from which it is re 
moved. 

Use of mechanical sludge collecting 
devices appear to be economical when 
the volume of sludge is more than 0.1 
per cent of the volume of liquid flow 
ing. In water plants, and especially 
in water softening a portion of the 
sludge can be returned to incoming 
water to act as a coagulant aid by 
providing nuclei. In sewage  sedi- 
mentation, a portion of the settled 
sludge can be returned to incoming 
sewage for the same purpose of aiding 
flocculation but aerobic conditions 
must be maintained. Upflow clairfiers 
may be effectively used for the pur- 
pose of providing nuclei 
proved flocculation. 


and im 
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Activated Silica Preparation 


by Continuous Processes 


OW, ACTIVATED SILICA 
an be produced successfully on 
basis. Today, the time- 


N 


a continuous 
ind-space-consuming batch methods 
ire outmoded although it must be ac- 

wledged that continuous activation 


silica by 


various has 
ved naturally from the old batch 
processes. Activated silica as a coagu 
aid has been shown to be remark 
its ability to assist in the clari- 

of warm or cold, turbid or 

d surface waters. Properly pre 
nd applied it can reduce the 
sand filters by forming a floc 


reagents 


lant 


able 


by V. W. LANGWORTHY 


eaa Machine B-I-F Just 


which will ride out hydraulic surges 
in conventional or sludge blanket type 
clarifiers. 

While use of activated silica 
and the benefits to be derived 
from its use as a coagulant aid are 
fairly well appreciated, it is desirable 


the 


sol 


to know more about additional factors 
involved. This paper discusses equip- 
ment requirements, operating tech- 
niques, characteristics of the common 
activating agents and elements enter- 


ing into control of the activating proc- 
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Fig. 1. 
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FLOW diagram of continuous silica activation by acid salt. 


Equipment Requirements 


It is necessary that accurate con- 
trol be maintained over the raw sodi- 
um silicate and activating agent to be 
used in the process. For this purpose 
equipment of choice is a positive dis- 
placement type pump, which must 
have reproducible accuracy and be 
capable of adjustment while in op- 
eration. Capacity and range of the 
pump must be compatable with other 
items of equipment employed. 

At least one water meter should be 
provided to establish a known coh- 
centration of raw sodium silicate and 
activating agent. Variable orifice 
meters of the rotameter type have 
proved satisfactory for this purpose. 

The importance of intimate and 
complete mixing between raw sodium 
silicate, activating agent and dilution 
water cannot be over-emphasized. 
The success or failure of the activated 
silica process largely depends on ef- 
ficient mixing of controlled quantities 
of reagents at the proper concentra- 
tions. Hydraulic, mechanical or air 
mixing may be selected. Air mixing, 
however, may introduce troublesome 
reactions and likely will entail the ex- 
pense of auxiliary air compressing 
and control equipment. 


Aging 

In order that a properly prepared 
activated silica may reach its 
maximum activity, a period of aging 
must be provided. Experience in the 
laboratory and on plant scale has in- 
dicated that aging requirements vary 
with the relative strengths of acti- 
vating agent used in relation to 2 


sol 


given volume of raw sodium silicate 
In general, the higher ratios of acti- 
vating agent per unit volume of raw 
sodium silicate require less aging. It 
has also been observed in rare in- 
stances, that formal aging of the 
silica sol may not be required to im- 








prove coagulation in some raw 
waters. To produce a sufficiently ac- 
tive sol for most water treatment 
problems it is practicable to empioy 
an aging cute of approximately ten 
minutes by adjusting the strength of 
the activating agent to the point of 
greatest observed effect on floccula- 
tion. 

Equipment for continuous silica 
activation should be supplied with ag- 
ing capacity. This capacity should be 
sufficient to retain the sol at aging 
concentration for ten minutes when 
the rated maximum amount of acti 
vated silica is being produced. For 
example, if the total volume of raw 
silicate solution and solution of acti- 
vating agent is 10 gallons per minute, 
at least a 100 gallon aging capacity 
vessel or chamber would be required 
to detain the sol for a ten-minute ag 
ing period. 

Adjustable features should be pro 
vided in the aging unit so that ten 
minute aging can be assured at all 
rates of activated silica production. 
Inasmuch as the process is continu- 
ous, aging equipment should be de- 
signed to minimize short circuiting 
and permit aging time adjustment 
without interruption to the process. cee 

Fig. 2. CHLORINE type continuous silica activating equipment. 


Transferral Constant strength chlorine device at left, control panel in center and mixing-aging 
system at right. Pump handles sodium silicate. 














The final item of equipment in con- 
tinuous silica activation is that em- also be caused by failure of the raw Selection of Activating Agent 
ployed to conduct the active sol to the sodium silicate pumps to deliver. 
point of application. Gravity is the Means should therefore be provided 
preferred means of delivery, but to detect this failure and to do some- 
pumps of many tvpes can and are thing about it. If insufficient raw 
being used for this purpose at nu- sodium silicate were delivered to the 
merous installations. The importance svstem, an excess of activating agent 
of liberal dilution of the activated sili- would result. This situation can lead 
ca sol for delivery to the point of ap- to silica gel formation rapidly if al- 
plication must be recognized. The lowed to continue. To avoid gelation, 
tendency for objectional silica gel to under this condition, it is therefore 
form is virtually eliminated when the desirable either to shut off the supply 
10 minute aged sol is diluted. There- of activating agent, or to provide 
fore, the volume of sol being prepar- copious amounts of rinse water auto- 
ed should be diluted with an equal matically. An automatic rinse feature 
amount of water either for transfer or will permit resumption of normal op- 
for holding purposes. eration merely by correcting the 

interference. 
Avoiding Operating Errors Automatic rinsing also eliminates 


It j “bl id ‘ the problem of human forgetfulness ; , . . 
t is possible to provide certain 4+ shutdown time. In the event the ly. the ordinary chlorine gas feeding 


features in continuous silica activat- operator shuts down the equipment, equipment does not lend itself readily 
ing equipment which overcome ae gelation is prevented by dilution ef- for use with silica activating devices. 
of the common operating error fected through the automatic rinse The reason is that the regular chlori- 


water used by the equipment is re- vs ; . : 
ater > eg "©" system. This is greatly to be desired nator injector dilutes the chlorine 
quired to pass through a flow switch, ~- Eat phage lle tin. iad 
- ; ent : ree cles , - . so ; 
controlling all electrical circuitry, it OVe™ leaning out the system once ge " 


hecomes impossible to operate the has formed. Such an automatic rinse _ Although chlorine is a desirable ac- 
equipment with insufficient water. feature can be timed for a predeter-  tivating agent, it does have short- 
This is an advantage in that it pre- mined period, or the entire system comings. For example, where low 
vents starting the raw sodium sili- can be turned off manually after rates of raw water having low chlo- 
cate and activating agent flows with- rinsing. Under all circumstances, an rine demand require treatment with 
out first turning on the diluting water automatic rinse arrangement should activated silica, too much chlorine of- 
supply to the unit. be incorporated in any continuous ten is added by the chlorine type 

Interference with the process can _ silica activating installation. equipment. This is an. anomaly, 


Several acidic reagents have been 
used successfully for continuously 
activating silica. Among these are 
chlorine, sulfuric acid, ammonium sul- 
fate, aluminum sulfate, sodium bi- 
carbonate and carbon dioxide. A 
typical composite flow diagram for 
acid salts is shown in Figure 1. Ferric 
sulfate also has been used as an acti- 
vant in at least one West coast in- 
stallation. 

Selection of chlorine as the acti- 
vating agent is popular, because 
chlorine used in the activation process 
is also available for disinfection or 
other purposes. Chlorine is simple to 
use and is readily available in most 
water treatment plants. Unfortunate- 
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CLEAR CHOICE 


in Coagulants 


GENERAL CHEMICAL Alum 


Fact: most water and sewage treat- CLEAR CHOICE FOR WATER TREATMENT CLEAR CHOICE FOR SEWAGE TREATMENT 

ment officials prefer General Chem- @ Clean, easy to handle 

ical Aluminum Sulfate. Reason: @ Dry feeds well or dissolves readily for 

they know they can depend on @ Gives better floc formation solution feeding; liquid alum also available 

General Chemical for alum of un- . in many areas 

varying quality and uniformity . . . : oo wpare Ser ceeny ae Clear, colorless effivents are possible 

for prompt, on-the-dot delivery. ; scaled nt : , 

Aids in reduction of tastes and odors e see hp mara fr ger a a 

Has no chlorine demand Sludge digests readily 

> Treated digested sludge dries quickly with 
a minimum of odor 


@ Produces crystal clear water 


There are 25 General Chemical 
producing works strategically lo- 
cated across the country to assure Is a low-cost coagulant 


you of dependable service any- ee , j 
where, anytime! Even in emergen- Superior in tests against other cocgulants Chlorine consumption is cut, due to lower 


cies, you can always count on High in quality, its constant uniformity demand of clarified sewage 
General. can be depended upon Economical to use 


GENERAL CHEMICAL DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y. 








Offices: Albany * Atlanta * Baltimore + Birmingham * Boston * Bridgeport * Buffalo * Charlotte « Chicago * Cleveland * Denver * Detroit * Houston 
Jacksonville + Kalamazoo + Los Angeles * Milwaukee * Minneapolis * New York * Philadelphia ¢ Pittsburgh * Providence * St. Louis * San Francisco 
Seattle * Kennewick and Yakima (Wash.) In Ceaneda: The Nichols Chemical Company, Limited * Montreal * Torente * Vancouver 
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wherein any reduction in chlorine 
used produces an inferior activated 
silica. Therefore, while chlorine is 
readily available, it will not in every 
case be the best reagent to use in the 
silica activating process. A typical 
chlorine activated silica unit is shown 
in Fig. 2. 

the 
reagent. 


Sulfuric acid is considered 


least expensive activating 
Many operators, however, prefer not 
to handle the acid unless absolutely 
With precau- 
tions, sulfuric acid may be used suc- 
cessfully at both large and small plants 


as a silica activant. Figure 3 illus 


necessary. adequate 


trates a sulfuric acid type silica ac- 
tivator. 

Ammonium sulfate is often used in 
connection with the _ chlorine- 
ammonia process at water treatment 
plants. It is also readily available in 
tonnage lots at reasonable prices. The 
technical grade product is crystalline, 
free flowing and possesses a high 
solubility in water. It is a good ac- 
tivating agent where small amounts 
of ammonia will not interfere in the 
treatment process, or with subsequent 
water uses. 

Aluminum sulfate has enjoyed 
widespread use as a coagulant in 
water treatment plants in this 
country. It is readily available and 
easy to handle, These characteristics 
solubility render it 
desirable as an activating 
agent. It should be noted, too, that 
a portion of the alum used in the 
available 


plus its good 


highly 


activation remains 


as aluminum hydroxide for use as a 


process 


coagulant. 

bicarbonate is an inex- 
highly satisfactory 
activant. It has a 


Sodium 


pensive reagent 


for use as an 
. “ oge . 
comparatively low solubility in water 
which makes it less suitable than the 


The 


pro- 


mentioned. 
however, 


salts already 
acid 
vides a process which is easy to con- 
trol because of the high buffering ac- 
the \lso, the 


to gel is less dominant in 


acid 


weak tendency, 


tion of bicarbonate. 
tendency 
the bicarbonate process than in the 
alum or ammonium sulfate methods. 

Carbon dioxide has been used s:.c- 
cessfully in batch-wise preparation of 
activated silica. Its adaptation to con- 
tinuous processes has been limited 
primarily due to its low solubility 
in water. The gas is not readily 
available at economical prices in ton- 
nage lots, nor is the solid product 
(dry ice) easily adaptable for use, At 














Fig. 3. SULPHURIC acid type continuous 
silica activating equipment. 


least one Florida installation uses flue 
gas as a source of carbon dioxide, but 
this practice has not become wide- 
spread. 

Activating agent selection should 
be made, in the 
the reagent which produces the best 
coagulant aid, helpful in solving the 
local coagulation problem. Many 
plant operators use jar tests as a 
means of selecting appropriate coag- 
ulant The test will 
indicate the silica activating agent 
best suited to local water 
ditions. 


part, on basis of 


dosage. same 


raw con- 

Interchangeability of activating 
agents is simplified when dry 
reagents are used. The problem is 
simply one of selecting the chemical, 
dissolving it and delivering the 
proper volume of constant strength 
solution to the mixing and aging 
equipment. Equipment used in feed 
ing gaseous reagents does not pos- 
sess this flexibility. 


Process Control 


Silica activation may be considered 
a neutralization The end 
product sought is a controlled sus 
pension of colloidal silica. It should 
be possible to control the activation 
process by titration, gel time, pH, 
conductivity, viscosity, or light trans- 
mittancy. It has been found that 
titration is a reliable means of con- 
trol. Total alkalinity of the aged sol 
will depend on the activating agent 
used. 


reaction. 


Where chlorine is the activating 
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agent, the titration for available 
chlorine may be used as a guide. In 
the acid salt reactions straight titra- 
tions for total alkalinity may be 
used. The objective is to obtain the 
best sol short of gel formation. This 
means that the titration end point 
selected should give a gel time longer 
than the aging period required by the 
activating equipment. 

Gel time can be used as a means 
of determining the aging period, no 
other tests being required. The gel 
time for certain type sols may be ex- 
tremely long, rendering the results 
obsolete by the time they are obtained. 
Short gel time, such as that obtained 
where chlorine or sulfuric acid is 
used, is more appropriate for use as 
a guide. Gel time remains valuable 
usually as a check against the easily 
performed and reliable titration. 

The remaining control procedures, 
pH, conductivity, viscosity, and trans- 
mittancy all have application where 
precise study and exhaustive data are 
desired. However, the normal opera- 
tion of activated silica equipment does 
not require or justify expenditure for 
the 
for these tests. 


necessary instruments required 


In Summary 
Continuous silica activation 
quires dependable equipment 
curately calibrated if satisfactory 
sults are to be obtained. The process 
should include efficient mixing and 
provision for control over the aging 
desirable to include 
automatic interlocks to guard against 
improper start-up and to provide 
rinsing at shutdown. While these 
features are not mandatory, they con- 
tribute an intangible peace of mind 
to the operator and are insurance 
against non-performance. 


period. It is 


Ideally, the silica activating equip- 
ment should provide for interchange- 
ability of activating agents. This 
feature allows the operator freedom 
of choice of activant both before and 
after equipment purchase. Activant 
selection should be based primarily 
on the results produced: secondary 
considerations, however, are avail- 
ability, safetv, economy and chemical 
characteristics. 

The activation process may be con- 
trolled in several ways. Titration and 
gel time have proved to be the most 
practical means available. 
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Bentonite Clay As A Coagulant Aid 


Increased Filter Runs a Noteworthy Gain 


by LEO LOUIS 


Vice-President and General Manager of the Gary-Hobart Water Corr 


= FILTRATION PLANT of 
the Gary-Hobart Water Corpora- 
tion in Gary, Indiana, is one of the 
newest in the state, having been 
placed in operation in May 1954. 
Gary's raw water supply, from Lake 
Michigan, is relatively good when 
compared with other Lake Michigan 
supplies. In fact, the first 46 years 
of its history the Gary water supply 
was chlorinated lake water, without 
benefit of coagulation, settling, or fil- 
tration. 

Customer complaints of turbid 
water after storms over the lake in- 
creased through the years with 
Gary’s growth, and plans for a fil- 
tration plant were developed by Al- 
vord, Burdick and Howson, consult- 


ing engineers, Chicago, in the late 
1940’s for the then owners, Northern 
Indiana Public Service Company. 
These plans were delayed by the de- 
cision of that owner to sell all water 
property, which sale was consum- 
mated in May 1951. The newly or- 
ganized company, Gary-Hobart 
Water Corporation, asked the same 
consulting firm to proceed with the 
design of the plant and in 1952 be- 
gan the construction of the new treat- 
ment facilities. Incidentally, the en- 
gineering firm of Alvord and Bur- 
dick had laid out the original water 
system for the first Gary water sup- 
ply in 1906-08. 

The new filtration plant was placed 
in operation on May 1, 1954, the 





third anniversary of the new com- 
pany. Design of the plant is con- 
ventional for Lake Michigan water. 
However, there are several notable 
exceptions to the strictly conven- 
tional design. These are: 
1—The six rapid sand filters were designed 
for a 36-mgd total capacity at a rate 
of 2 gallons per square foot per minute, 
but can be operated at a 3-gallon or 
4-gallon rate to increase the capacity to 
54 mgd or 72 mgd. Peak hour filter 
rates during the 1955 summer months 
were often above 54 mgd and ap- 
proached 60 mgd. 
The settling basins are two stories in 
height, with the water passing through 
the lower basin, thence upward and 
reverse through the upper basin (see 
drawing). 
The mixing basins are at the same 
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CHEMICAL FEEDERS: One-day liquid alum tank and solution feed control (left); Omega dry feeders 
(right). The near unit is used as a Bentonite clay feeder—note improvised clay suspension box 
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AMMONIA STORAGE tank and charging floor for dry feeders (left); filter operating floor (right) 
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plant site, liquid chemicals 
as much as possible to 
handling of dry chemicals. 
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ind liquid alum is gener- 
a coagulant. This plant 
he first municipal water 
liquid alum delivered 
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The Algae— 
Short Filter Run Problem 


As a part of coagulation, a prob- 
lem arises in Gary during the sum- 
mer months when algae counts are 
high in the clear raw lake water and 
the algae become difficult to settle 
before filtration. The dead algae cells 
tend to clog the filters and reduce 
filter runs tremendously. This con- 
dition becomes most serious at a 
water temperature of approximately 
60° F in the early summer and again 
in the fall. 

In 1954, during the first summer’s 
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operation of the filtration plant, fil- 
ter runs dropped to 4 hours or less 
and ordinary coagulation aids such 
as lime did not seem to help the situ- 
ation. The turbidity of the raw water 
was extremely low and good floc 
formation was difficult. Algae identi- 
fication pointed to asterionella, fra- 
gillaria and tabellaria as the cause 
of the shortened filter runs and high 
wash water consumption. 


The plant chemist made inquiries 
of other filtration plants using Lake 
Michigan water and found that this 
condition was the same and equally 
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FLOW DIAGRAM and pian of the Gary filter plant. Note the double-deck settling basins 
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PUMPS AND LABORATORY: Three raw water pumps in well beyond two high service pumps 


serious at most of the plants along the 
lake. He found that Wilmette, Illinois, 
had been experimenting both on a lab- 
oratory and a plant basis with Ben- 
tonite clay and had considerable suc- 
cess with it in weighting the algae- 
laden floc and assisting in settling. 
We arranged to borrow 4 tons of the 
material from Wilmette and experi- 
mented with it ourselves. On the 
basis of those experiments we and 
the Michigan City Water Depart- 


ment jointly bought a carload of the 
bagged clay. 

Che results were good enough in 
1954 to warrant the purchase of 


another carload in 1955. The Bento- 
nite clay is shipped in 100-pound 
multiwall paper bags and _ stored 
with the other bagged chemicals. It 
is fed through an Omega loss-in- 
weight gravimetric dry feeder ordi- 
narily used for lime. The measured 
clay is mixed with water in a stain- 
less steel solution box and pumped 
as a suspension to the raw water suc- 
tion well. There has been little trouble 
in feeding the material. 

According to information furnished 
by the manufacturer’s agent, this 
material is produced by the Ameri 
can Colloid Company in two grades 
Panther Creek Bentonite, 
which has its source in Aberdeen, 
Mississippi. The other is Volclay 
KWK, which comes from Belle 
Fourche, South Dakota. Panther 
Creek Bentonite is a light gray-tan 
powder, which when placed in water 
swells to three times its dry volume, 
where Volclay KWK is a cream- 
colored pelletized material which 
swells to ten times its dry volume. 

The American Colloid Company, 
in their data sheet No. 200-A, explain 
further that Bentonite as produced 
by their plants includes only swelling 


One is 


montmorillonite type clay. The 
greater swelling Bentonites are used 
primarily in foundry molding pro- 
cesses and for use as drilling mud in 
the oil fields. It is also used as a 
detergent in commercial laundries. 

The use of Bentonite as a coagul- 
ant aid in water treatment embraces 
its value not only as an artifcial tur- 
bidity producing material, but also 
as an adsorptive material with nega- 
tive charges which attract the floc 
particles in the water and by absorp- 
tion form larger heavier particles 
which will settle effectively. 

The manufacturer’s representative 
comments that while Volclay should 
give better efficiency in increasing 
turbidity and in picking up and hold- 
ing bodies which may be causing 
short filter runs, the high swelling 
ability also causes it to be somewhat 
difficult to handle. Sheboygan, Wis- 
consin, and Wilmette and Winnetka, 
Illinois have all tried both type of 
clay; of the three cities, only Win- 
netka prefers Volclay. We have never 
tried Volclay or experimented with 
it and our expreiences have been 
solely with Panther Creek Bentonite 


Some of Our Experiences 


Our experiences with Bentonite, 
both in 1954 and in 1955, demon- 
strated that the use of the material 
resulted in lengthened filter runs, al- 
though it is possible that other factors 
could have contributed to the change 
in filter performance. 

In the latter part of June 1954, the 
length of filter runs dropped off from 
a minimum of 18 hours on June 14 
to 4 hours from June 16 through 
June 19. On June 18 we had 19 filter 
washes. Some of these were only of 
1-minute duration instead of the usual 


4 minutes, but in addition we had to 
“bump” the filters frequently between 
washes. The condition was better on 
June 20, but became worse again on 
the following day with filter runs as 
low as 2 hours being recorded on 
June 25. On that day 21 filter washes 
were made, with additional filter 
“bumps”. 

Our average use of wash water is 
less than 2.5 per cent of the total 
water pumped through the plant, but 
during this period it averaged be- 
tween 4 and 5 per cent. Pumpage 
and filter rates were higher than nor- 
mal during this period and on June 
25 the maximum hourly total filter 
rate was 56 mgd. Raw water tur- 
bidities were less than 10 ppm and 
algae counts were apparently high, 
although unforunately we do not have 
any record of these data. The total 
pumpage on June 25 reached a new 
record day of more than 38 million 
gallons, filter rates were over 3 gal- 
lons per square foot per minute, and 
with the 2-hour runs we were defi- 
nitely in trouble. Continued “bump- 
ing” of the filters and short washes 
didn’t help too much. Consequently, 
that day we sent a truck to Wilmette 
and borrowed 8,000 pounds of Bento- 
nite. 

On June 26 we started feeding the 
clay at a rate of 32 pounds per million 
gallons and on that day our filter 
runs lengthened to between 10 and 12 
hours. On the 27th they increased 
again with the same feed rate and on 
June 28 we increased the feed rate to 
40 pounds per million gallons. We 
have since used the 40-pound rate as 
the optimum feed. From June 27 until 
July 6 the filter runs gradually in- 
creased to an average of 50 to 6 
hours. On June 29, however, we had 
16 filter washes for some reason, 
W.&S.W.- 
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R-86 
possibly because of a very high total 
filter rate on that day. Feeding of the 
clay had to be discontinued on July 
7 because we had used up all of the 
inaterial on hand. We had ordered a 
carload meanwhile, but this didn’t 
irrive until July 13. On July 10 the 
runs had decreased to 31 hours and 
by July 13 we were down to 3 hours. 

Late on that day we started feeding 
Bentonite again and by the next day 
we were back to runs of more than 10 
Bentonite was continued until 
July 26 and filter runs were main- 
tained at normal levels with the ex- 
ception of July 19 and 20, when again 
1 high filter rate apparently caused 
more filter washes. [his was during 
pumping season and filter 
often as high as 3 
foot minute 


hours 


the peal 


were quite 
square 


rates 
gallons pet per 
this period 
Bentonite was fed for a 
days during the latter part of 
June and from July 6 to 25. The 
was about the same as in 
lune 21 the wash water use 
cent of total pumpage with 


during 


In 1955 


experience 


1054 Oy 


i 
+ pe 


t 


lay ; with two days of clay fed at 
te of 40 pounds per million gal- 


vash water use dropped to 1.3 
July 5, the wash water 
per cent and after 
was again started wash 
dropped to below 2 per 


cent 


was over 3S 


On 


fficult to state conclusively 
the Bentonite was alone instru- 
mental in increasing filter runs dur- 
ing these periods, as graphs indicate 
that filter rates fluctuated somewhat 
parallel to the filter wash water usage 
and filter runs. Nevertheless, the use 
of clay tended to keep water use at 
a lower level regardless of the filter 
rates. It is also true that our story 
isn't entirely complete due to the lack 
of data on algae counts. However, 
our plant personnel definitely feel 
that Bentonite clay contributed a 
great deal to better operation during 
these periods of high filter rates, when 
every drop of water that can be 
pumped into the system counts a 
great deal and having to shut down 
a filter for washing or having to rob 
the distribution system for filling the 
wash water tank presents many prob 
lems 
\side from the more efficient op- 
eration resulting from the better coa- 
there could be a definite 
savings if less wash water 


gulation, 
monetary 


used 


Costs and Savings 

Panther Creek Bentonite costs us 
approximately $1.55 per 100 pounds 
FOB Gary in a 30-ton carload lot. 
Based on a feed rate of 40 pounds per 
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FILTRATION PLANT built around original stand pipe, now brick encased for 
appearance sake and used as a wash water tank 


million gallons, the additional cost 
of clay is approximately $0.62 per 
million gallons. The maximum pump- 
age day last year was 42 million gal- 
lons and if on that day we were able 
to reduce the number of washes from 
21 to 8, as occurred when we first 
started feeding clay, we would save 
13 washes at 130,000 gallons each, 
or a total of 1,690,000 gallons of 
water. Actually, some of the 21 
washes were only of 1-minute dura- 
tion rather than 4 minutes long, so 
the wash water savings would be 
closer to 1,000,000 gallons on that 
day. Our average purification and 
pumping cost at the main plant was 
approximately $30 per million gallons 
in 1955, so the savings on wash water 
for a day would be $30. The cost of 
Bentonite clay on the 42-mg day 
would be 42 x $0.62 = $26.04, or a 
little less than the cost of the extra 
water used in washing 

It is difficult to determine actual 
savings from plant records, as there 
are so many factors involved (such 


as day-to-day pumpage fluctuations, 
different filter rates during the night 
and day hours, and the habits of filter 
operators as to exactly when they 
might want to or be able to wash 
filters from one day to the next). The 
only way to obtain exact figures on 
this would be if parallel operation of 
two sections of a plant would be poss- 
ible—one with Bentonite and one 
without. This would eliminate vari- 
ables in the quality of the water dur- 
ing the test period. 

In conclusion, the use of Bentonite 
clay as a coagulant aid in Lake Michi- 
gan water during periods of low tur- 
bidity in the presence of certain algae 
growths and while plant pumpages 
are high, appears to be conducive to 
extending filter runs with the con- 
sequent saving of wash water. Above 
the economy of wash water saved, 
however, is the advantage of not hav- 
ing to take filters out of operation so 
many times and not having to drop 
system pressure to fill the wash tank 
at frequent intervals. 





Corrosion of Water Works Materials 


Chief Mechanical Enar 


QO F THE many problems confront- 
JF ing the water works engineer, 
corrosion occupies a position which 
is unique. It penetrates into all facets 
of his operation, is usually difficult to 
diagnose, and sometimes is impossible 
to eliminate. It is a phenomenon 
which we must learn to live with and 
control. 
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Fig. I—GALVANIC BATTERY 





























Fig. 2—GALVANIC CELL composed of two 


different metals bearing against each other 


Research 


by R. W. HENKE 


and Development Division, Badger Meter 


Corrosion as subject fills libraries 
and it is impractical to accomplish 
any more than present a few basic 
definitions and general discussion 
here. 

What Corrosion is 

As far as the water works field is 
concerned, corrosion may be defined 
as the degradation of a material by 
the inadvertent action of chemical, 
mechanical or electrochemical means, 
or a combination thereof, so as to 
reduce the usefulness of the ma- 
terial. 

This definition attempts to en- 
compass several points which the 
author feels are of fundamental im- 
portance, as follows: 


1. The material attacked must be 
performing a useful function or be 
capable of performing one. 

2. The usefulness of the material 
attacked must be reduced. 

3. The attack must be inadvertant 
—unplanned, undesired, not wanted. 


Kinds of Corrosion 

There are many types of corrosive 
actions defined, not all of which are 
applicable to the water works field. 
Those covered in subsequent discus- 
sion will be the applicable corrosion 
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phenomena. 

Generally, water works equipment 
could be expected to be subjected to 
galvanic corrosion in its many forms, 
direct chemical attack, perhaps de- 
zincification, erosion, impingement 
corrosion, possibly fretting corrosion. 

Galvanic corrosion is the general 
term applied to electrolytic cell type 
corrosion. This has been popularly 
termed “electrolysis” in the water 
works field. It is an action best illus- 
trated by the battery analogy, shown 
in Fig. 1. 

Two different metals are connected 
by an electrical conductor and are 
submerged in an electrolyte, a con- 
ducting solution. An electric current 
is set up between the two metals. By 
popular notation, the current “leaves” 
the positive metal, the anode, and 
“enters” the negative metal, the 
cathode. The amount of current per 
unit area leaving either the anode or 
cathode is the current density. At the 
anode, the positive plate, the metal 
goes into solution. Therefore, the 
anode material is destroyed. 

Keeping the battery of Fig. i in 
mind, refer to the set-up illustrated 
in Fig. 2. Here we have a galvanic 
cell set up between two different 
metals bearing against each other. The 
cell isn’t as neatly defined as that of 
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Fig. 3—BATTERY action caused by difference in environment between different places on 
the same metal 
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Fig. 4—OXYGEN concentration cell caused 


Fig. 1, but the action is the same. 
The positive metal, the anode, goes 
into solution and a current flows be- 
tween the two metals. Again it is the 
anode which is destroyed 


Fig. 3 


case to 


Of the three presented, 
illustrates the difficult 
and understand. Here, only 
metal is involved, but 
difference in environ- 


most 
diagnose 
one kind oft 
because of a 
ment from one place on the metal to 
another place, one of them is anodic 
to the other and a “battery” action 
\gain it is the anodic area 
which is destroyed. 


What, then, are the 
quirements for a galvanic cell? 


results 
essential re- 


1. There must be two areas at dif 
ferent voltage levels ( potentials ) SO 
that a current will tend to flow be- 
tween them 

? 


by al 


[The two areas must be connected 
electrical conductor 


must be sub- 


a conduct- 


3. The two areas 


merged in an electrolyte, 
] 


ing solution 


lable 1 series. 


shows the galvanic 
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Oxygen Starved Area 


by lack of oxygen under tight washer 


In this series the metals are so ar- 
ranged that any metal is anodic to 
those appearing below it in the list 
and cathodic to those above it. There- 
fore, if a metal high on the list is 
connected to a metal low on the list, 
the higher metal will be destroyed by 
galvanic cell action. Rule No. 1, there 
fore, is: 


DO NOT CONNECT METALS HIGH IN 
THE GALVANIC SERIES WITH METALS 
LOW ON THE GALVANIC SERIES 


It will be recalled it was said that 
the current “left’’ the anode and the 
anode went into solution. If a small 
anode were coupled with a large 
cathode, the current density at the 
anode would be much greater than 
that at the cathode, since the total 
current leaving equals the total cur- 
rent entering. Therefore, the small 
anode would dissolve at a much great- 
er rate than if the anode and cathode 
were the same area. Thus, Rule No. 
4%: 

IF YOU CANNOT AVOID A GALVANIC 
COUPLE, DO NOT COUPLE SMALL AN- 
ODES WITH LARGE CATHODES 


This discussion so far is quite fun- 
damental and it would seem obvious 
that the way to avoid a galvanic cell 
action would be to avoid galvani 
couples. For the most part, this has 
been done by manufacturers of water 
works equipment, particularly water 
meters. 

Why is galvanic corrosion still a 
problem ? 

It was stated that galvanic corro- 
sion occurs in many forms. The gal- 
vanic couple just described is the 


L cee dealeai 


simplest. In addition to it, oxygen 
concentration cells, metallic ion con- 
centration cells, differential aeration 
cells, crevice corrosion, and inter- 
granular corrosion are typical of 
other specific tvpes of galvanic cor- 
rosion. 

Fig. 4 shows a schematic section 
through an oxygen concentration cell. 
The washer under the bolt prevents 
the free access of the liquid to the 
metal beneath it, while the metal out- 
side the washer is freely bathed in 
the liquid. Thus the metal beneath is 
oxygen starved compared to the re- 
mainder and becomes anodic to it. 
The result is a pitting type corrosion 
beneath the washer. This general type 
of action can occur whenever 
there is an oxygen concentration dif- 
ferential, such as a lap joint between 
metal sheets or a crevice between two 
cast parts, etc. Oxygen concentration 
cell action is characterized by pitting 
below the shielding object, be it a 
deposit, a sheet metal lap or a crevice. 


also 


A typical metallic ion concentration 
cell is shown in Fig. 5. In this type 


Fig. 5—METALLIC ION concentration cell 
at crevice of plate lap 


of cell the action is analogous to the 
oxygen concentration cell except that 
an excess of metallic ions build up in 
the crevice and a galvanic cell action 
ensues. The attack takes place at the 
edge of the crevice. Metallic ion con- 
centration cell corrosion can some- 
times be differentiated from oxygen 
cell attack by observing the location 
of the degraded area. 

Differential aeration and crevice 
are two terms meaning virtually the 
same thing as oxygen concentration. 
Since it is the oxygen in the air which 
is responsible for the attack, a differ- 
ence in concentration of air dissolved 
in the liquid between two areas will 
result in an oxygen cell action. 


. B ——— 
Fig. 6—DEZINCIFICATION may be of the layer type (left) or the plug type (right) 





Intergranular corrosion is the re- 
sult of a difference in composition 
the grain boundary areas and the 
center of the metallic crystal. The 
grain boundary areas are anodic to 
the crystal as a whole, with the result 
that these areas are degraded. The 
only solution to this problem is proper 
alloy selection and proper treatment 
of the alloy to obtain the desired 
microstructure. 

Direct chemical attack is not liable 
to be a major probiem in water serv- 
ice metering. This form of corrosion 
is characterized by a direct chemical 
union between one or more of the 
metal constituents and some element 
in the water to form a chemical com 
pound. It is, of course, possible that 
some contaminants in a potable water 
supply might give rise to this form of 
attack, but it is not considered to be 
in contact long enough to cause 
trouble. 

Dezincification is a type of attack 
specifically associated with the brasses. 
It occurs in brasses containing more 
than 15 per cent zinc and is not apt 
to occur in water meter practice be- 
cause most manufacturers use an alloy 
with lower zinc content. 

Dezincification is characterized by 
the apparent removal of the zinc from 
the alloy leaving a weakened honey- 
comb structure of copper. It occurs in 
two forms; layer and plug type. Layer 
type attack takes quite a long time to 
render the material useless. Plug type 
attack can proceed through a material 
and cause leakage in a relatively) 
short time (see Figs 6A and 6B). 

Erosion and impingement attacks 
are mechanical in nature and are due 
to liquid moving at relatively high 
velocity and striking the surface of 
the material. Actually, erosion and 
impingement are used to describe two 
degrees of basically the same action. 


Impingement is used to describe the 
moderate velocity 


damage done by 
liquid whereas erosion describes the 
action of high velocity liquid 

The attack of the metal is not one 


be oe 
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Fig. 7—CORROSION and impingement at- 
tack shows characteristic directional pits 


of the basic metal itself being re- 
moved by the impact of the stream of 
liquid on its surface. The liquid 
stream actually removes softer cor- 
rosion products from the surface, 
thus re-exposing bare metal to new 
corrosive action. If the corrosion 
product films were left on the surface, 
chances are they would stifle further 
attack. The action can be thought of 
as an alternate corroding of the metal 
followed by washing out of the pro- 
tective films. This cycle is repeated 
time after time with resultant pene- 
tration into the metal surface. 

Corrosion and impingement attack 
is characterized by directional pits, 
elongated in the direction of flow, and 
evidencing an undercut lip on the 
downstream side of the pit (see 
Fig. 7). 

Fretting corrosion is associated 
with close mechanical fits between 
mating parts and vibratory motion. 
The vibration is thought to break 
down protective films and allow cor- 
rosion to proceed in the crevice be- 
tween the parts. It is characterized 
by pitting and results in loss of di- 
mensional accuracy and strength of 
parts affected. 


Corrosion Mitigation 


Most of the work in corrosion in- 
vestigation has already been done by 
the water meter manufacturer in 
proper selection of alloys and atten- 
tion to design details so as not to 
create situations favorable to corro 
sive attack. 
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However, due to the vast differ- 
ences in potable waters throughout 
the world, it is not economically feas- 
ible to manufacture one universally 
applicable meter. Couple this to sea- 
sonal variations in water analysis in 
some locations and the problem be- 
comes highly complex. In many cases 
it is necessary to run tests to deter- 
mine what alloys may best be utilized. 

One of the important factors to be 
considered in reducing water meter 
corrosion is the dissolved oxygen con- 
centration. Copper-base alloys are 
particularly sensitive to corrosion in 
liquids high in oxygen content. 

Certain elements in water which 
would not be considered to have ill 
effects on human beings might give 
trouble from the corrosion standpoint. 
Some metal salts, such as ferric chlo- 
ride or ferric sulphate, will hydrolize 
and form weak acids, which will at- 
tack the copper-base alloys. Sulphides 
are particularly corrosive to the higher 
copper alloys. Traces of these ele- 
ments can be picked up by the water 
at its source, particularly ground 
waters, and may not necessarily be 
removed by water treatment. 

Although dissolved carbon dioxide 
would be expected to be more harm- 
ful to higher zinc content alloys than 
those used in water meters, the CO, 
content of the water should be kept 
at a minimum. There is always the 
possibility that high dissolved CO, 
content will attack even water meter 
alloys. 

Chlorine and chloride salts are very 
corrosive to copper-base alloys. It is 
possible to pick up either of them in 
the water supply and cause attack. 
Meter parts analyzed in Badger’s lab- 
oratories have shown chlorides to be 
part of the corrosion product residue. 

It can be seen from this brief dis- 
cussion that corrosion mitigation is 
not only a matter of selecting and 
correctly applying alloys, but it is also 
a function of properly conditioning 
the water to eliminate the highly ac- 
tive elements which cause corrosion. 
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CORROSION IN SEWAGE WORKS* 


Senior San 


EGLIGENCE in the control of 
corrosion frequently has been due 
to a lack of knowledge in understand- 
ing the corrosion factor. Specific in- 
may be observed where ab- 
normal or excessive deterioration of 
plant structures or equipment has oc- 
curred, due primarily to corrosion. 
In many cases this has taken place 
without the operating personnel rec- 
ognizing that corrosion was active. 
It is not anticipated or expected 
that all sewage treatment plant oper- 
ators will become corrosion experts. 
In support of the premise that the 
role of corrosion may be overlooked 
in the wear of equipment, a section of 
sludge scraper chain was removed 
from a primary clarifier. Inspection 
revealed that one side of the chain 
had been worn or corroded to a thin 
knife-edge section, while the other 
side had retained its original cross 
section. This rather familiar “wear” 
pattern of scraper chains is considered 
by many operators to be due solely 
to mechanical wear. The condition, 
however, is largely a result of corro- 
sion forces, possibly in combination 
with erosion or mechanical wear, 
whereby new metal is constantly be- 
ing exposed to corrosion. The impor- 
tant point is not that this excessive 
and localized loss of metal occurred, 
but rather that the operator did not 
observe or consider anything unusual 
in the wear. That is, he did not rec- 
the corrosion factor. 


stances 


ognize 


Examples of Corrosion 


Corrosion is not always so readily 
noticed. In some forms of corrosion, 
the original shape and form of the ma- 
terial is retained despite severe cor- 
rosion. A section of cast iron drain 
line was obtained after clogging of the 
line had been reported, due sup- 
posedly to soap and greases. From an 
observation of the deposits in the 
pipe, it was apparent that the clog- 
ging was primarily due to corrosion 
products. Portions of the pipe section 
revealed shiny metal while other parts 
were black and dull. In the black, 
dull areas the metal had been com- 
pletely corroded from the iron-graph- 
ite material leaving only the graphite. 
This graphite has little structural 
strength and can be easily cut with a 
knife. This is graphitization, a corro- 
sion associated with gray cast iron. 


*Reprinted from Sew. & Ind 


28. No. 3 p 328 (1956) 


Wastes, Vol. 
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The yellow brasses have a similar 
specific type of corrosion called de- 
zincification. In material failures due 
to dezincification, the zinc is cor- 
roded from the brass leaving only 
the c ypper portion of the zinc-copper 
alloy. This is readily detected by fil- 
ing as the copper color of the dezinci- 
fied area sharply contrasts with the 
yellow brass color of the alloy. The 
dezinicified metal has little strength 
or resistance to wear and the result 
is failure. 

Idle equipment often is neglected 
and damaged by corrosion. Frequent- 
ly such corrosion is greater than if 
the equipment was in use. Equipment 
that is operated normally presents 
conditions less favorable to the con- 
densation of moisture and the accu- 
mulation of moisture retaining corro- 
sion products. Variations in tempera- 
ture cause an expansion and contrac- 
tion of air expelling the warm air 
during warm periods and drawing in 
cold air as cooling occurs. This may 
result in the condensation of moisture 
from the air on internal parts of 
equipment and their subsequent cor- 
rosion. This is particularly true of 
equipment installed out of doors. A 
good example of this condition might 
be evidenced by sewage pumps that 
have been installed for some time, but 
have not been finally connected or op- 
erated. The solenoid oiler reservoirs 
were actually full of water inside the 
glass enclosures due to condensation 
of moisture from the air. 

Other examples of corrosion dam- 
age which have been noted include 
corrosion of aluminum pump frames, 
comminutor drums and cutters, mo- 
tor bearings and the rusting and pit- 
ting of exposed metal. Damage to 
concrete, due to septic sewage condi- 
tions; the blackening of paint caused 
by hydrogen sulfide fumes; the rust- 
ing of electrical switching enclosures, 
due to high relative humidity; the 
corrosion of sludge scraper blades and 
similar items are indicative of the re- 
lentless toll in damage and costs at- 
tributed to corrosion factors. Quite 
often excessive deterioration of wear- 
ing parts is due principally to corro- 
sion, because the semi-protective cor- 
rosion products are constantly re- 
moved, thereby exposing bare metal. 

In general, it may be said that 
where any abnormal or excessive de- 
terioration occurs, corrosion is a pos- 
sibility. Rusting, pitting, tubercules, 
discoloration of metal or an adjacent 
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structure, the thinning of metal or 
similar visual evidence are the most 
obvious means of detecting corrosion. 
Certain specific conditions are usual- 
ly necessary before corrosion will oc- 
cur. A knowledge of these conditions 
is perhaps the best means for detect- 
ing corrosion before damage occurs. 


Conditions for Corrosion 


At normal temperatures, moisture 
is necessary for corrosion. Therefore, 
damp humid locations or enclosures 
where condensation occurs should be 
given careful attention. Listed among 
these enclosures are automatic bar 
screens, electrical panel boards, sew- 
age lift stations, wet pits, ventilating 
stacks and housed areas through 
which sewage flows. Submerged 


equipment and structures also are 
prone to corrosion. 


Oxygen is also necessary for con- 
tinued corrosion, except when low 
pH conditions prevail. Therefore, 
greater possibilities for corrosion may 
exist following oxidation type treat- 
ment processes. 

Different metals which are in con- 
tact with sewage or the soil act as an 
electric battery, resulting in electroly- 
sis. The extent of this corrosion de- 
pends on various factors including the 
metals involved and the relative areas 
exposed. If the exposed area of the 
more corrosive metal is small in re- 
lation to the less corrosive noble met- 
al, the corrosion is apt to be severe. 

Differences in the environment of 
a metal also may result in electroly- 
sis. Differences in velocities of flow, 
dissolved solids or liquids may be 
among the many environmental condi- 
tions which can cause corrosion due 
to electrolysis. Variations in oxygen 
content of a liquid produces a par- 
ticularly corrosive situation. For ex- 
ample, the upper portion of the water 
seal of a floating gas holder contains 
more oxygen than the lower portion. 
Corrosive conditions exist along the 
line of contact of water containing 
oxygen and that devoid of oxygen. 

Other conditions favorable to cor- 
rosion include increased tempera- 
tures, unequal stresses, increased flow 
velocities, bacterial action, crevices, 
acid conditions and stray electric cur- 
rents. In fact any condition creating 
differences in the environment or 
causing the removal of protective cor- 
rosion products will favor corrosion. 





Control of Corrosion with Lime 


A review of basic principles and practical experience 
in corrective treatment of aggressive waters 


T IS common knowledge that soft 

water containing dissolved oxygen 
and free carbon dioxide corrodes iron 
and steel pipe excessively. In accord- 
ance with the electro-chemical theory, 
oxygen is the direct corroding agent ; 
with the rate of corrosion governed 
by the reaction between the dissolved 
oxygen in the water and the film of 
atomic hydrogen at the surface of the 
metal. It is also known that the hy- 
drogen ion concentration of the 
water is not a factor in the initial de- 
posit of rust on clean or bright iron 
surfaces, since the initial rate of de- 
posit is about equal at pH values be- 
tween 5.0 and 9.0. After the initial 
rust coating has been deposited, con- 
tinued corrosion of the metal is in 
direct proportion to the porosity of 
this coating. Rust coating deposited 


by EDWARD S. HOPKINS 
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on pipe walls from waters containing 
“aggressive” carbon dioxide is por- 
ous, while that laid down in alkaline 
waters is compact and dense. Com- 
pact coatings of iron oxide and cal- 
cium carbonate will prevent diffusion 
of the dissolved oxygen in the water 
to the metal. 

“Aggressive” carbon dioxide was 
the term employed by Tillmans? to 
describe the corrosive action of carbon 
dioxide dissolved in soft waters hav- 
ing low pH values. Massink and Hey- 
mann* demonstrated that the aggres- 
siveness of the carbon dioxide is 
regulated by the total bicarbonate al- 
kalinity and pH of the water. To 
measure the aggressivity of carbon 
dioxide bearing waters, von Heyer 
developed the “marble test,” now used 
as standard procedure.* 


Cold Water vs Hot Water 


Neutralization of aggressive carbon 
dioxide by alkali retards cold water 
corrosion by stoichiometric reactions 
and by the precipitation of the dense 
iron oxide-calcium carbonate coating 
on the pipe surface. It is, therefore, 
an indirect method of control when 
the pH value is continuously main- 
tained at the calcium carbonate satur- 
ation point. The disappearance of 
“red” water denotes a sufficient con- 
trol for practical purposes. The rate 
of corrosion in iron pipe lines is in 
direct ratio to the reduction in dis- 
solved oxygen in the water during 
passage through the system. Routine 
testing for dissolved oxygen is the 
best criterion to determine the extent 
of corrosion and, conversely, the ef- 
ficiency of the corrective treatment. 

Hot water corrosion, in relation to 
steam generation, is not eliminated by 





TABLE 1 


Monthly Average of pH Value 
Water Leaving Montebello Filters 





Month 1944-1950 


1953 
7.8 
7.9 
7.9 
7.9 
7.8 
7.8 
7.8 
7.8 
7.9 
7.9 
7.9 
7.8 
7.9 


January 7.8 
8.0 
8.0 
8.0 
7.8 
8.0 
7.9 
7.8 
7.7 
7.9 
8.0 
8.0 
7.9 


February 
March 
April 

May 

June 

July 
August 
September 
October 
November 
December 


Average 


TABLE 2 


Monthly Average of pH Value—1944-1950 
Water in the Distribution System, 47 Weekly Samples 





Second 


Zone 


First 


Month Zone 


= 


January 7.5 7.5 
February Te 7.5 
March 7.6 7.6 
April 7.6 Ee 
7.6 7.5 
7.6 7.6 
7.6 7.6 
7.6 7.6 
7.5 teal 
Toa 7.6 
7.6 7.6 
pide 7.6 


May 

June 

July 
August 
September 
October 
November 


December 


Fourth 
Zone 


Third 


Zone 
1.3 
7.3 
ae 
Te 
7.3 
rR 
7.3 
3 
7.3 
7.3 
ta 
7.3 
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TREATMENT TO PRODUCE A COATING OF CaCo3 
aCoz SOLUBILITY EQUILIBRIUM 
TREATMENT TO PREVENT 


IRON STAINS 





160 


ALKALINITY 


Fig. 1—Relationship between alkalinity, pH, and calcium carbonate solubility 


this since the bicarbonate 
ion is formed by the neutralization of 
the free carbon dioxide. Upon heat- 
water to boiling, the bicarbon 
breaks down to free carbon 
and hydroxide, frequently 
producing corrosion in return con- 
densate lreatment at the steam 
plant is required to over 
yndition 


treatinent, 


ing the 


ate 
dioxide 


lines 
generating 
this ct 


corre 


Treatment of Very Soft Waters 


\ soft water of less than 20 ppm 


parts per million hardness) will have 


slight buffer action. Maintenance of 
the calcium carbonate equilibrium in 
this water through the addition of lime 
will require high pH values, resulting 
in caustic alkalinity. This is usually of 
minor importance to industry, but may 
be objectionable to the consumer in 
that it is apt to produce an unpalat- 
able taste. 

The Catskill water supply for New 
York City has a normal alkalinity of 
8 ppm. Hale® reports that neutraliza- 
tion of the free carbon dioxide in 
cold Catskill water with lime raised 
the pH value to between 9.7 and 9.9; 





TABLE 3 


pH Value during 1953—Average Weekly Samples 
Effect of Alkali Treatment on Water in Outlying Zones 


Second 


Zone 


Month 
January 7.4 
February 7.4 


March 


Apri! 


Towson 


Reservoir 





Third 


Zone 


Fourth 


Zone 


7.5 


7.6 7 


7 
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Fig. 2—-ENSLOW continuous stability in- 
dicator 


with 10 ppm excess calcium hydrox- 
ide the pH was 10.1; with 50 ppm it 
was 10.3-10.4; and with 100 parts per 
million it was 10.8. After 148 days, 
3%4-inch diameter black iron pipe 
was heavily coated by a soft sludge 
of calcium carbonate. Flow decreased 
as follows: 


55 per cent 
35 per cent 
20 per cent 
15 per cent 
10 per cent 

6 per cent 

8 per cent 
16 per cent 


Untreated water 

CO, just neutralized 
10 ppm excess lime 
20 ppm excess lime 
30 ppm excess lime 
40 ppm excess lime 
50 ppm excess lime 
100 ppm excess lime 


It may be concluded from these 
flow data that high line treatment is 
not practical for this soft water with- 
out periodic cleaning and flushing of 
the system. With a gravity flow sys- 
tem, cleaning and flushing would not 
be expensive in comparison to the 
cost of pipe renewal. The introduction 
to very soft waters of substances in- 
tended to increase buffer action and 
lower the pH value to the point suit- 
able for corrosion control is not usu- 
ally economically advantageous. Un- 
less cheap water is available for flush- 
ing, replacement of corroded pipe, due 
to its relatively short life, is the most 
practical procedure. 

It is apparent, therefore, that lime 
treatment to eliminate corrosion has 





its greatest value with waters having 
a hardness greater than 25 parts per 
million. 


Treatment Guides and Plant Control 


Baylis® in 1922 initiated pH con- 
trolled corrective treatment with lime 
as a function of water purification, 
using the Gunpowder River supply at 
Baltimore, Md. 

This river water is moderately hard, 
having the following average analy- 


SIS: 


Alkalinity 35 
Soap hardness 38 
Bicarbonates 43 
Sulfates 7.9 ppm 
Free carbon dioxide 6 ppm 
pH 7.1 ppm 


ppm 
ppm 
ppm 


To facilitate plant operation Bay- 
lis? studied the solubility of calcium 
carbonate under varying conditions 
of pH value and total alkalinity and 
prepared curves revealing the calcium 
carbonate saturation point under these 
various conditions. Fig. 1 reveals these 
values and serves as a practical guide. 
These curves show, for instance, that 
with a total alkalinity of 50 ppm or 
less, a pH of 8 or more is required to 
obtain calcium carbonate saturation. 

Enslow® developed a continuous 
corrosion or stability indicator which 
maintains a constantly flowing sample 
of water at the calcium carbonate 
saturation point. This device (Fig. 2). 
permits testing for the correct pH 
and alkalinity of the treated water as 
often as desired, and without la- 
borious and time consuming opera- 
tions. Usually this device provides a 
4-hour contact period with the pow- 
dered calcium carbonate. Sampling of 
the water after passage through the 
stabilizer determines both the satur- 
ation point and criteria for plant con- 
trol. 

The value of corrective treatment 
with lime or other alkali depends up- 
on the constant maintenance of the 
hydrogen ion concentration (pH 
value) at the calcium carbonate satur- 
ation point, in order to maintain a 
thin but dense protective film. It can- 
not be an intermittent treatment, 
since at any time the water is below 
this pH value aggressive carbon di- 
oxide is present and will redissolve 
the coating previously precipitated. 

Accurate control of the lime dosage 
and precise pH values can best be ac- 
complished by the use of recording 
potentiometers. These devices (Fig. 
3), usually are actuated by glass elec 
trodes, sensitive to pH values from 
2.0 to 12.0. The charts used on the 
potentiometer (Fig. 4), serve as a 
permanent record of the pH value of 


the delivered water and history of 
treatment. This equipment is inex- 
pensive and trained technical skill is 
not required to keep it in good order. 

Commercial dry feeders and other 
appliances are avilable for the ap- 
plication of lime to a water supply. 
Either high-grade pebble caustic or 
hydrated lime may be used. The lar- 
ger water treatment plants find the 
caustic lime to be most economical 
when continuous dry and 
slackers are utilized. 


feede s 


Results of Lime Treatment 


Once calcium carbonate equilibri- 
um has been established, the water 
will remain stable, and the effect of 
lime treatment is apparent in pipe 
lines after a few months. For ex- 
ample, the calcium carbonate solu- 
bility point for the Gunpowder River 
water at Baltimore is at pH 7.8 with 
an alkalinity of 38 ppm. It will be 
noted® in Table 1 that the pH value 
of the water leaving the Montebello 
filters for the period 1944-50 aver- 
aged 7.9, and this characteristic was 
maintained during 1953. It is ap- 
parent that the water entering the 
distribution system has been contin- 
uously maintained at the calcium car- 
bonate saturation point. 

Table 2, taken from a previous 
publication,’® discloses that during the 
1944 to 1950 period the average pH 
value of the water in the first zone 
was 7.6; in the second zone, 7.5; in 
the third zone, 7.3; in the fourth 
zone, 7.3; and in the fifth zone, 7.3. 
Water in the third zone system may 
be obtained directly from second zone 
pumps or by gravity from the third 
zone reservoirs, and may therefore 
be a mixture of these two sources. 

To overcome this low alkalinity in 
the outlying zones, soda ash was ap- 
plied to the water as it entered the 
Towson and Pikesville reservoirs 
feeding the third, fourth and fifth 


Fig. 3—TYPE of pH recording potentiom- 
eter 


zones. The operation began in the 
latter part of 1952, using a commer- 
cial dry feeder. The ash is 
dropped directly to the surface of the 
water, dissolving and dissipating 
through the reservoir with the flow. 
This material was selected since it 
was recognized that the application of 
lime to a secondary reservoir would, 
in all probability, precipitate calcium 
carbonate on the bottom, resulting in 
an increase in algae growths. 

Data from the Towson reservoir 
are more complete and this portion of 
the distribution system was selected 
for study. 


soda 


As shown® in Table 3 the average 
pH value of the water delivered to 
the Towson reservoir, during the year 
1953, from the second zone pumps 
was 7.5. Application of soda ash kept 
the water in this reservoir at pH 7.7 
and in the fourth zone at 7.6. Water 
in the third zone averaged pH 7.4 due 
to the admixture of water as previ- 


Fig. 4—SPECIMEN chart of pH values produced by recording potentiometer 
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ously noted. Contrasting these values 
with those noted in Table 2, it is ap- 
parent that the addition of alkali to the 
reservoir water was beneficial. 

The soda ash treatment reduced 
“rusty’’ water complaints in the sec- 
ond, third, fourth and fifth zones. 
[he iron content before and after 
treatment is as follows: 


Zone 1944-1950 
1 0.03 ppm 
2 0.06 ppm 
3 0.15 ppm 
4 0.13 ppm 

0.27 ppm 


1953 
0.03 ppm 
0.04 ppm 
0.07 ppm 
0.03 ppm 
0.15 ppm 


It is apparent from the preceeding 
table that the addition of alkali in the 
third zone reservoirs reduced the dis 
solved iron in the water, and it is ex 
pected that future complains will be 
at a minimum. 

About 3,587.02 million gallons of 
water per year, or 9.8 million gallons 
per day, was displaced in the Tow- 
son reservoir. Due to mechanical dif- 
ficulties, the soda ash application was 
standard in January, March 
and November. The minimum ap- 
plication was 0.49 ppm in November 
and the maximum 1.54 ppm in De- 
During the year, 37,800 


bel WwW 


cember 


pounds of soda ash were used, aver- 
agine 3,150 pound > ynth. Rec- 
aging J,10U | S per month. Nec 
ords were kept on a monthly basis and 


daily dosage was not obtainable. Aver- 
aged monthly data corresponded to a 
daily application of 1.27 ppm. 

[he treatment is relatively expen- 
sive, but is considered to be justi- 
fied since it has reduced the water 
wasted by weekly and other periodic 
flushing of the mains in these zones. 
The volume of flushing water was of 
considerable magnitude, amounting to 
several million gallons yearly. The 
soda ash treatment cost $1,582.43 in 
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1953, including depreciation of equip- 
ment and labor costs. This supple- 
mental treatment is equivalent to a 
cost of $0.34 per ppm per million gal- 
lons to raise the pH from 7.5 to 7.7, 
and is in sharp contrast to the cost of 
corrective treatment at the filter plant 
which is $0.07 per ppm per million 
gallons to raise the pH from 7.1 to 


79. 


Summary and Conclusions 

Che principles of the electro-chem- 
ical corrosion of iron and steel pipe 
by low alkalinity waters containing 
“aggressive” carbon dioxide have been 
reviewed. 

The fixation of aggressive carbon 
dioxide by adding the correct quan- 
tity of lime to water causes a dense, 
compact coating of calcium carbonate- 
ferric oxide to be deposited on the 
pipe walls. This coating, if of proper 
density, prevents the diffusion of the 
dissolved oxygen in the water to the 
hydrogen film on the iron, thereby 
retarding corrosion. Rust deposited 
when the water is below the calcium 
carbonate saturation point permits 
diffusion of the dissolved oxygen and 
does not check corrosion. 

The treatment is not satisfactory 
for waters very low in alkalinity (10 
ppm or less) since overly high pH 
values are required, depositing a soft 
fluffy sludge-like coating in the pipe 
lines. This sludge is porous and is 
sometimes of sufficient magnitude to 
retard flow. 

A water maintained at the calcium 
carbonate saturation point has a stable 
hydrogen ion concentration, and the 
pH value usually is unchanged in 
passing through a closed distribution 
system. It is apparent that the mainte- 
nance of non-corrosive water in the 
outlying sections of a large distribu- 


tion system which includes a series of 
open balancing reservoirs requires 
secondary treatment with alkali. For 
many reasons, caustic soda or soda 
ash is the compound of choice. The 
high cost of the treatment, $0.34 ppm 
per million gallons, is justified, since 
both periodic flushing of the system 
and consumer complaints are reduced 
to a minimum. 

There is an extensive investment in 
iron and steel pipe in water systems; 
these pipe lines need protection 
against internal corrosion. Alkali 
treatment, preferably with lime since 
it is the cheapest compound, is eco- 
nomically justified with fairly cor- 
rosive water since corrosion costs 
greatly exceed treatment costs. Based 
upon public water supply experience, 
it is believed that corrective treatment 
with lime (and, when needed, with 
soda ash or caustic soda) will produce 
a water of considerable economic 
value to many industries. 
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Tenth Edition of Standard Methods 


A Comparison with the Ninth Edition 


ARLY in 1955, the tenth edition 

of “Standard Methods” was re- 
leased. This revision contained many 
changes in actual techniques of 
analysis, as well as changes in the 
presentation of the material. 

The changes in procedures that 
the author thinks are most commonly 
used by sewage plant operators are 
pointed out in this article. It is not 
intended, however, that the changes 
eliminate the need for a 
careful reading of: the tenth edition 
by plant operators. Further, it is most 
emphatically recommended that a 
copy of this edition be available at 
every sewage treatment plant. 


discussed 


Industrial Wastes Section 


One of the first changes to be noted 
is that of a separate section of ana- 
lytical procedures for industrial waste 
analyses. Since these wastes often re- 
quire special analytical treatment, the 
plant operator should become familiar 
with this section, even if only to be 
aware of this special attention. 

In addition, a procedure used in 
domestic sewage analysis often needs 
some modification before it can be 
applied to an industrial waste. For 
example, most plant operators know 
that before a B.O.D. determination 
can be run on a chlorinated effluent, 
the sample must be “seeded” ; that is, 
microorganisms must be put back into 
the sewage to replace those killed by 
the chlorine. 

For similar reasons, an industrial 
waste may need to be seeded because 
of some killing substance it may con- 
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tain, or its pH may need adjusting, 
or some other change in the routine 
procedure may be required. These 
changes are contained in this section 
on industrial wastes, as well as spe- 
cific methods for substances not usu- 
ally found in domestic sewages (for 
example, the heavy metals, phenols, 
and others). 


Guide to Method Choice 

The tenth edition has preceded 
each analytical procedure with a brief 
discussion of the method. Where 
more than one method is given, some 
guidance is offered the operator as 
to which procedure should be used. 
In the past, where several methods 
were listed, it had been difficult to 
decide which to use for a particular 
sample. To help overcome this dif- 
ficulty these discussions point out the 
shortcomings of each method, the 
quantity range within which the 
method is applicable, interfering sub- 
stances, etc. 


Tentative Methods and Instruments 


Previous editions of “Standard 
Methods” had a section called “Non- 
Standard Methods.” These were 
methods that were on trial. They had 
not been used long enough, or in suf- 
ficient situations to be accepted by the 
Standard Methods Committee. Such 
a procedure was placed in the book 
for a period of time and thereafter 
either accepted as a standard method, 
or discarded. In the tenth edition, 
these procedures are called ‘“Tenta- 
tive.” 


Auburn Ala 


rhe instruments as ana- 
lytical has increased tremen- 
dously in the last few years. This 
latest revision of Meth- 


use of 
tools 


“Standard 
ods” has followed this trend by sug- 
gesting the use of instruments in 
many procedures. These are mainly 
used in places where differences in 
results may easily arise due to the 
human factor. For example, in de- 
termining the amount of nitrite nitro- 
gen present in a sample, the analyst 
finally has a Nessler tube filled with 
a reddish-purple liquid. If this sample 
were given to five persons and each 
person visually compared his tube 
with the same set of standards, you 
would probably get five different re- 
sults. Each person would honestly 
match the sample and standards dif- 
ferently, solely due to his individual 
response to the colors. If by some 
chance a person were color blind, he 
not be of much use as an 
analyst. It is in overcoming these 
individual that instru- 


would 


differences 
ments have great value. 

In the tenth edition, for the nitrite 
determination a spectrophotometer, 
a filter photometer or visual com- 
parison, in that order, are listed for 
reading the reddish-purple color. Sim- 
ilarly, the use of instruments is 
recommended for many other proce- 
dures; for example, pH meters in- 
stead of colorimetric pH readings, 
determining the end point in a titra- 
tion of acidity or alkalinity using a 
potentiometer (pH meter) instead of 
by the color change, amperometric 
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determination of residual chlorine, 


etc 


Reporting Results 


Although the tenth edition does not 
ly say so, it is readily apparent 
planners of this edition would 
analytical results ex 
as milligrams per liter (mg/1) 
parts per million (ppm) 
plant and for 
treatment, 


see all 


operators 
poses In 


are the 


sewage 
same 

though, 

per million is a way of 

ig a weight relationship; it 

one part by weight in a total 

million parts by weight. When 

milligram of a salt is dissolved 

»f water at 4°C the con- 

be expressed as either 

per liter or as one part 

Here, 


they are 


speaking, 


one 


either expression 
one liter of water 
1,000 grams (kilogram), and 
1,000 grams is equivalent to 
there is 1 mg of salt in 
000,000 mg of solution. This 
presses a weight to weight relation 
ship, in tl units, of 1 to 
1,000,000, which is one ppm. There- 
vhen with water the 
pressions, ppm and mg/1, mean 
thing. However, with some 
and especially with many 
wastes, this is not true 
nportant idea in the preceding 
is that one liter of water 
kilogram only at 4°C. 
the dissolving sub- 
carrying substance 
than kilo- 
are not equivalent 
exact, liter of 
vage does not weigh one 
a little more. For most 
s assumed that one liter 
nd liter of 
this another 
of domestic 
1.0. For 
some industrial 
specific gravity will be 
than 1.0. When this 
is not equivalent to mg/], 
nalytical results should be 
as milligrams per liter with 
specific gravity reported 
th the reporting of re 
operators should become accus- 
j nificant 
are important when 
results are reported, for it 
person reading the results 


CCAUSE 
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ca- 
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er 
aeaing 


less one 


one 


one sewage 
To Say 
ic gravity 
is assumed to be 


Same 


speci! 
s and 


i@ss 


in wi 
» the use of “sig 
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| he S¢ 


tells at 
the figures in a number are 
meaningful. For example, if a report 
showed 6.000 ppm of SO,, did the 
analyst mean 6 ppm, 60 ppm, 6.00 


which of 


f the weight of a 
weight of the 
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ppm, or 6.000 ppm? If the value of 
6.0 ppm justified, it would be 
misleading to report 6.000 ppm, for 
it implies a measurement that was 
not made. Since this topic cannot be 
covered adequately in a short article, 
the operators are referred to the dis- 
cussion (and bibliography) on pages 
23-28 of the tenth edition. A thorough 
discussion and practice period on 
figures” should make a 
good topic for a short school ! 

rhe foregoing topics reflect most 
of the new thinking on general ana- 
lytical methods for sewage as ex- 
pressed in this edition. Specific dif- 
ferences, changes in techniques or 
procedures, and new methods are 
pointed out later. All page reference 
are to the tenth edition of “Standard 
Methods.”? 

It is well to restate here the advice 
on page 221 that before selecting a 
method of analysis, the operator 
should know whether or not his sew- 
age contains any industrial wastes. 
lf these are present, the methods 
listed in Part III should be used. 


was 


“significant 


Specific Tests 
Oxygen Consumed (pp 332-335) 


Operators running 
sumed tests should note the following 


oxygen con- 


changes : 


1. The oxygen «wuasumed test is 
now based upon the oxygen consumed 
from dichromate and not from per- 
manganate. For many industrial 
wastes this will result in far different 
values. 

2. lf the samples cannot be run 
within a short time after sampling, 
they should be preserved by acidifica- 


tion with sulfuric acid to a pH of 2 


or 3 (p 222). 

3. Operators should read over the 
short discussion on page 332 as to 
the interpretation of the oxygen con- 
sumed test. 


pH and Acidity (pp 226-228; 268) 

For plants where the acidity of a 
sewage is determined, operators 
should note that the tenth edition 
again recognizes two kinds of acidity 
—‘free” acidity and “total” acidity. 
The determination of total acidity is 
exactly the same as previously ; that 
is, titration to the phenophthalein end 
point. However, free acidity is that 
determined by titration with a stand- 
ard sodium hydroxide solution to the 
methyl orange end point, and is run 
before the total acidity, or on a sepa- 
rate sample. These two types of acid- 
ity are familiar to water plant chem- 
ists and operators. 

The idea of free acidity assumes, 
of course, that the pH of the sample 
is less than 4.0. If it were not, free 
acidity would not be present. Sim- 
ilarly total acidity assumes a pH less 
than 8.0, or else no total acidity (nor 
any free acidity) is present. Above 
pH 8.0, the sample will contain alka- 
linity, which can be determined as on 
page 228. These relationships are 
shown in Fig. 1. 

Operators should note that a po- 
tentiometric titration method is in- 
cluded (page 227) for both alkalinity 
and acidity determinations. The meth- 
od uses the glass electrode pH meter 
that is found in most laboratories. It 
is especially valuable for turbid or 
colored sewages or industrial wastes, 
where it would be difficult to see a 
colored end point. 

In the foregoing the terms pH, 
acidity, and alkalinity have been used. 
To most persons the difference be- 
tween acidity and alkalinity is fairly 
clear. The acidity of a sewage is the 
measurable amount of acid (hydrogen 
ions, H+) available on titration with 
an alkaline solution to a definite end 
point. The alkalinity of a sewage is 
the measurable amount of alkali 
(hydroxyl ions, OH~) available on 
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Fig. 1—Acidity and alkalinity relations 
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Fig. 2—pH of a strong and a weak acid 


titration with an acid solution to a 
definite end point. Most persons 
know, too, that in a neutral solution 
the hydrogen ions and the hydroxyl 
ions are present in equal concentra- 
tions and that the pH of such a solu- 
tion is 7.0. 

However, one of the most puzzling 
subjects in water and sewage analysis 
is the distinction between pH and 
acidity, or pH and alkalinity. One 
author states that “pH is an intensity 
factor, expressing the existing con- 
centration of the hydrogen ions, H+. 
Acidity (like alkalinity) is a capacity 
factor and may be defined as the ca- 
pacity for neutralizing base (or 
acid).’”* To explain and illustrate 
these ideas one must be aware of the 
fact that acids and alkalies can be 
classified as weak or strong. Hydro- 
chloric and sulfuric acids, sodium 
and potassium hydroxide are strong ; 
acetic acid and ammonia are weak. 
This means that a solution of a strong 
acid or alkali produces (dissociates 
into) a relatively large number of 
hydrogen or hydroxyl ions with rela- 
tively small amounts of acid or alkali 
held in reserve (undissociated ). With 
the weak acids or alkalies the reverse 
happens—most of the acid is held in 
reserve, with a relatively small 
amount dissociating immediately in 
solution. This is illustrated in Fig. 2. 

The determination of pH is the 
measurement of “the existing concen- 
tration of the dissociation products, 
representing an intensity term. It is 
the effective reaction, at present exist- 
ing, regardless of the latent reaction 
which comes into play only when 
neutralization is attempted.”* Again 
referring to Fig. 2, one can see that 
the acid on the left has dissociated 


to a greater degree than that on the 
right, thus producing more hydrogen 
ions. Since more hydrogen ions are 
immediately present, the pH of the 
left solution is lower (pH2) than that 
on the right (pH6). 

It can be seen in Fig. 2 that the 
total number of hydrogen ions in each 
solution is ten. On the left, seven 
hydrogen ions are dissociated, with 
three remaining undissociated. On the 
right, only two hydrogen ions are 
dissociated and eight remain undis- 
sociated. If each of these solutions 
were titrated with an alkali to the 
same end point, each would require 
the same number of milliliters of the 
alkali. This is so because there is a 
total of ten hydrogen ions available 
in each of the solutions, and these 
require ten hydroxyl ions for neu- 
tralization. Since the hydroxyl ions 
come from the dissociation of the 
alkali, each of the solutions will re- 
quire the same amount of alkali to 
reach the same end point. This is illus- 
trated in Fig. 3. The amount of alkali 
required to combine with the total 
hydrogen ions in a sample measures 
the acidity. The amount of acid re- 
quired to combine with the hydroxyl 
ions of a sample determines the alka- 
linity. 

From the foregoing discussion it 
should be evident that although one 
sewage sample has a pH of 2.5 and 
another a pH of 5.8, both may con- 
tain the same amount of acidity. Sim- 
ilarly, although one sample may have 
an alkalinity of 120 ppm and another 
sample have 420 ppm of alkalinity, 
it is possible that the pH of both 
samples may be the same. 

Before leaving this topic, the 
author wishes to point out that item 


Fig. 3—Acidity of a strong and a weak acid 


(d) p. 268, on the care of pH elec- 
trodes, in his opinion, is not the best 
procedure. The glass electrode may 
be kept in distilled water when not 
in use, but a calomel electrode should 
not. When not in use, it should be 
covered with the rubber tip generally 
furnished by the manufacturer. If it 
is kept in water, diffusion will take 
place, and the electrode will soon be- 
come unusable. 


Residual Chlorine (pp 229-234) 


The determination of a chlorine 
residual with orthotolidine has often 
been difficult, if not impossible, with 
turbid or colored effluents. If the 
operator had the time and the skill, 
he would use the starch-iodide meth- 
od. Even this method is worrisome 
because of interfering substances and 
a somewhat poor end point. 

The tenth edition has retained these 
two methods for use where applicable 
and has included a new method 
amperometric titration. Like the older 
two methods it has limitations. Its 
greatest advantage is that it is not 
subject to interference from color or 
turbidity. The method does not differ 
from the starch-iodide one in prin- 
ciple, but it does have a more accurate 
end point which is determined by ob- 
serving a meter on the titration in- 
strument (Fig. 4). Details of the 
method can be found on pages 229- 


231. 


Chlorine Demand (pp 235-237) 


The chlorine demand test has been 
replaced with the “chlorine require- 
ment” test in this tenth edition. In 
the previous edition (ninth) the 
chlorine demand test was a rather 
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rigid, definite test set down as fol- 
lows: “The chlorine demand is the 
ppm of chlorine required to be added 
as chlorine water to produce a residual 
chlorine content of 0.1 ppm after 
fifteen minutes contact of the chlorine 
with the sewage.’ Several changes in 
objectives of the test, procedure, and 
well as re 

chlorine 


use have been made, as 
naming the test as the 
requirement test. 

One of the changes in the objec- 
tives of the test is the distinction 
that chlorine may be added to sewage 
for purposes other than bacterial con- 
trol. The chlorine demand test was 
primarily aimed at a reduction in the 
bacteria in the sewage. 
may be used in 
for many other 


numbers of 
However chlorine 
sewage treatment 


purposes (for example, odor control, 


reduction of B.O.D.), on industrial 
wastes for various reasons, etc. 

In these the old definition 
had very little meaning. Suppose for 
instance, that chlorine is to be used 
to control bulking in an activated 
sludge. The objective is to chlorinate 
to such a point that the sludge will 
begin to settle. If, as in the old de 
mand test, the operator chlorinates 
to a residual of 0.1 ppm he probably 
will control the bulking, but may also 
find that he has killed his sludge. The 
point is that although chlorine can 
be useful in controlling bulking, a 
different set of standards, other than 
0.1 ppm residual after 15 minutes, 
must be used as a measure of its 
effectiveness. The operator wants to 
know how much chlorine is required 
to do the job, but the job may vary 
from one occasion to the next, even 
though the information required- 
how much chlorine is needed—is the 
same. Therefore, the chlorine require- 
ment test allows for changes in both 
the amount of residual and the con- 
tact time, provided any such changes 
are stated in reporting the results. 
It defines the chlorine requirement 
for purposes other than disinfection 
control as “the quantity of chlorine 
required to achieve the various ob- 


cases 


jectives.’”® 

In many instances of sewage disin 
fection it may be desirable to carry a 
chlorine residual for longer than 15 
minutes, or a residual of more than 
0.1 ppm may be necessary. Under the 
old chlorine demand test, the residual 
and the contact time were both fixed. 
lf either or both had to be changed, 
how could an operator do this, and 
yet comply with the definition? In 
the tenth edition the chlorine require- 
ment is “the amount of 
chlorine in mg/l which must be added 
to a sewage to produce a chlorine 
residual of such strength that, after a 
definite contact time, the effluent will 


defined as 
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Fig. 4—Amperometric titrator 


show a desired coliform density, .. .”’.® 
With this definition, variations in con- 
tact time or dose, or both, are allowed 
and recognized as being required in 
some instances. 


Grease (pp 238-239) 


Although most treatment 
plants do not run routine grease 
analyses, an operator may occa- 
sionally be called upon to perform 
this determination. The tenth edition 
has changed the method of grease 
analysis using the Soxhlet apparatus 
in one major detail. Instead of digest- 
ing the acidified sample by boiling, 
cooling, and then filtering, the new 
method filters the acidified sample 
without boiling. Furthermore, with 
this cold filtration method there is no 
need to add the filtrate to the Soxhlet 
thimble, as was done previously. 

Since the foregoing method of 
grease analysis (Soxhlet extraction 
method) requires special equipment 
not usually found in a sewage plant 
laboratory, it has often been impos- 
sible to run such an analysis even if 
it were desirable. A new, tentative 


sewage 


method called the Semi-Wet Extrac- 
tion Method has been included in the 
tenth edition. The reagents required 
are the same, and the method is very 
similar to the Soxhlet, but the special 
Soxhlet extraction apparatus is not 
required. Whereas this method does 
not have quite the precision of the 
older one, this is overshadowed, in 
the author's opinion, by making it 
possible for more plants to run grease 
analyses, because special equipment is 
not necessary. 


Nitrogen (pp 240-249) 


The determination of the various 
forms of nitrogen found in sewages, 
industrial wastes, and plant effluents 
is a procedure that was commonly 
run in most plants before the ac- 
ceptance of the B.O.D. test as a 
measure of the oxidizable organic 
material. Nitrogen, however, is only 
one of the organic compounds found 
in wastes, some others being carbo 
hydrates, sugars, and fats. Because 
all of these (and many inorganic 
compounds) are used by the micro- 
organisms in stabilizing sewages and 
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Fig. 5—Anaerobic stabilization of nitrogen compounds 


wastes, the B.O.D. test, rather than 
the nitrogen tests, is now used to de- 
termine the strength of the wastes, 
the load on the treatment plant, the 
efficiency of the treatment process, 
ek 

However, a knowledge of the quan- 
tities of the different forms of nitro- 
gen is still useful to the operator. 
For instance, in operating an acti- 
vated sludge plant the amount and 
the ratio of nitrite and nitrate nitro- 
gen is an indication of the degree of 
oxidation occurring in the aeration 
tanks. This is often a clue to possible 
bulking of the sludge in the secondary 
settling tanks. In many industrial 
wastes it is important to know how 
much nitrogen is present, for the 
microorganisms will not work eff- 
ciently if nitrogen is lacking. A cer- 
tain ratio of nitrogen to carbohydrate 
is required for good performance (as, 
for example, in citrus wastes, where 
must be added before 
treatment will produce any 
effective B.O.D. reduction). 

Since these nitrogen tests have 
some value in many types of sewage 
treatment it would be well to look 
into the changes in analytical methods 
made in this tenth edition. In deter- 
mining the amount of ammonia nitro- 
gen in a sample, the operator still 
has a choice of two methods—either 
direct Nesslerization, or distillation. 
The latter method is the more ac- 
curate and precise. No major changes 
were made in the direct Nessleriza- 
tion procedure. The distillation meth- 


nitrogen sec- 


ondary 
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od has had a titration procedure 
added, as an alternative to Nesslerizing 
after the distillation. In other words, 
after the ammonia is distilled over, 
the distillate may be read colori- 
metrically after Nesslerization, or it 
may be titrated with a standard acid. 

For the nitrite nitrogen determina- 
tion, a change has been made in the 
reagents. Previously an a-naphthyla- 
mine-acetate solution was used to 
buffer the reaction and bring out the 
reddish-purple color. In the new edi- 
tion, two separate solutions are used 
—one of a-naphthylamine hydro- 
chloride, and one of sodium acetate. 
Each of these is added to the sample 
individually and the color is then 
allowed to develop. 

In running a Kjeldahl nitrogen or 
an organic nitrogen determination, 
two changes should be noted. First, 
phenolphthalein is used as an indi- 
cator when making the sample alka- 
line before distilling off the ammonia. 
The previous editions relied upon the 
blue color formed by the copper sul- 
fate and sodium hydroxide. Second, 
the normality of the standard sul- 
furic acid has been changed from 
0.05N to 0.02N. This change en- 
ables the operator to use the same 
standard acid for this determination 
as well as for alkalinity, eliminating 
the previous need for two standard 
acids, 

3efore leaving the matter of nitro- 
gen analysis it would be well to point 
out certain relationships of the test. 
For waste treatment purposes we are 


usually interested in one or more of 
the following forms of nitrogen— 
ammonia nitrogen, organic nitrogen, 
nitrites, and nitrates. The amounts of 
these forms will vary from one waste 
to another, may change from day to 
day, and will change as the waste 
undergoes treatment. The course of 
stabilization of these nitrogen com- 
pounds is shown in Figs. 5 and 6. 

To obtain the desired information 
about nitrogen, an operator would 
use the tests described in “Standard 
Methods.” However, one of the most 
confusing things about nitrogen de- 
terminations is the use of the term 
“total Kjeldahl nitrogen.” Actually, 
this test does not determine the total 
amount of nitrogen in a sample. It 
does determine the combined amounts 
of ammonia and organic nitrogen, but 
does not include the nitrites and ni- 
trates. To obtain the amount of total 
nitrogen in a sample, one must run 
three tests—the Kjeldahl, the nitrite, 
the nitrate—and add these three re- 
sults. To repeat, the sum of the or- 
ganic nitrogen plus the ammonia 
nitrogen equals the Kjeldahl nitro- 
gen. 

Suppose one wanted to know how 
much organic nitrogen and ammonia 
nitrogen were in a raw sewage 
sample. “Standard Methods” gives 
the procedure for both of these tests. 
However, since the direct organic 
nitrogen determination requires very 
careful attention it is better, in most 
cases, to determine the organic nitro- 
gen indirectly. This is done by run- 
ning the Kjeldahl nitrogen on one 
portion of the sample, and the am- 
monia nitrogen on another portion. 
When these results are obtained, the 
organic nitrogen is calculated by sub- 
tracting the ammonia nitrogen from 
the Kjeldahl nitrogen results. 


Dissolved Oxygen (pp 250-260) 
The dissolved oxygen test and the 


test are two of the most 
commonly used analyses in waste 
treatment. Since the B.O.D. is actu- 
ally a dissolved oxygen determina- 
tion, correct procedure in running a 
D.O. is highly important if treatment 
plant results are to mean anything. 
Every operator should learn how to 
run D.O.; more than this, he should 
learn how to interpret his results. 
The test is a relatively simple one, 
but many substances interfere with 
accurate results. To correct for these 
interfering substances the basic D.O. 
test, called the Winkler method, must 
be modified, and seven modifications 
have been set down in the tenth edi- 
tion. Depending, then, upon what in- 
terfering substances are present in 
the sample, the operator must choose 
his method. Of those listed, the last 
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two are new. These methods, with 
comments as to their use against spe- 
cific interfering substances, are de- 
scribed on pages 250 and 251, and 
every person running D.O. and 
B.O.D. tests should read these over 
carefully. 

In the actual running of D.O. tests, 
the tenth edition has increased the 
amount of manganous sulfate and 
alkaline KI solution used from 1 ml 
each to 2 ml each. Since the volumes 
of these reagents have been changed, 
the volume taken from titration cor- 
responding to 200 ml of the original 
sample is changed. Previously the cor- 
rection for displacement by the re- 
agents was 201.6 ml. Now, however, 
it is 203 ml. This means that for the 
results of the titration with 0.025N 
thiosulfate solution to read directly in 
ppm or mg/1 of dissolved oxygen, a 
portion containing 203 ml must be 
withdrawn from the acidified sample 
bottle of 250 or 300 ml. The formula 
for calculating this correction factor 
is on page 253. 

One further, but very important 
note, is a correction that must be 
made on page 253, item 2.7. The 
amount of sodium thiosulfate used in 
making up the stock solution is in- 
correct. This should read 248.2 grams 
and not as stated. An official noti- 
fication of this, as well as other cor- 
rections, will shortly be published by 
the Standard Methods Committee 


Biochemical Oxygen Demand 
(pp 260-267) 

Every operator should carefully 
read this entire section on B.O.D. A 
large amount of new information has 
been included, and several important 
changes have been made. 

The first of these changes is in the 
composition and the concentration of 
the buffer and fortifying solutions 
added to the dilution water. Since the 
dilution water is one of the most 
important parts of the B.O.D. test, 
these new directions should be fol- 
lowed closely to obtain standard 
results. 

The seeding material to be used, 
where to use it, and how to correct 
for seeding in the final B.O.D. calcu- 
lations, are discussed more fufly in 
this edition. Since the B.O.D. test 
measures the amount of dissolved 
oxygen consumed by microorganisms 
in oxidizing the organic matter of a 
liquid waste, it requires the presence 
of these microorganisms. Without 
them there can be no B.O.D. If a 
waste has been chlorinated, or con- 
tains toxic substances, these may 
have killed off all or most of the 
microorganisms. In such cases, it is 
necessary to add new, live ones to 


the waste so as to obtain a depletion 
of oxygen and, therefore, a B.O.D. A 
waste may contain oxidizable organic 
materials and therefore have a po- 
tential B.O.D., but if the micro- 
organisms have been killed, weak- 
ened, or greatly reduced in number, 
there will be no B.O.D. or an erro- 
neous one. To prevent this, the di- 
lution water is seeded as described on 
page 262. 


Bacteriology (pp 359-410) 


For those operators running bac- 
teriological analyses, several changes 
in these procedures are noted. One of 
the new standards concerns the water 
used for dilution. This is now to be 
a buffered water, described on page 
367. Tap water or distilled water 
alone cannot be used. 

The medium to be used for plating 
out samples is tryptone glucose ex- 
tract agar. Previously the analyst had 
a choice of three media for the stand- 
ard plate count, but this has been 
changed to the one medium men- 
tioned. 

Under the discussion of the “Pre- 
sumptive Test” (p. 375) sec. 1.3, a 
serious error has been printed. The 
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Fig. 6—Aerobic stabilization of nitrogen 


for a positive presump- 
tive test is 24+3 hours, and not 
48+3 hours as stated. This correc- 
tion, as well as others, will be pub- 
lished, as previously noted. 

One of the reasons that more plant 
operators do not run bacteriological 
examinations, is the amount of work 
involved. Previously, the operator had 
to run five tubes in each dilution so 
as to be able to use the tables for 
calculating an M.P.N. for his results. 


time interval 
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Some few, fortunate operators were 
able to get, or make up, a table based 
on only three tubes in each dilution. 
By so doing, the amount of work 
involved was considerably reduced. 
This new edition has included a table 
for determining the M.P.N. when 
only three tubes in each dilution are 
used (p. 386). Perhaps this will stim- 
ulate more sewage and water plant 
operators to run bacteriological exam- 
inations in their plants. 

Users of the tenth edition will no- 
tice that the membrane filter tech- 
nique for bacteriological studies has 
been included, but only as a tentative 
procedure. If any operators plan to 
use this, they must remember that 
it is not yet an accepted standard 
method. At present there is no method 
of correlating the results from the 
standard dilution tube procedure with 
those of the membrane filter. There- 
fore, if an operator switches to this 
technique his results will differ from 
those previously obtained, and may 
lead to confusion. “Standard Meth- 
ods” definitely states that the mem- 
brane filter “cannot be considered an 
acceptable substitute for the dilution 
tube method.””® 


Summary 


The foregoing comments and cor- 
rections are those that the author 
feels should be of greatest interest 
to sewage plant operators. There are 
other corrections, and other comments 
that could be made, but these should 
keep most operators busy for a while. 
\gain, it should be stated that it is 
not intended for these few remarks 
to be a substitute for a copy of the 
tenth edition. Every sewage plant 
should have one of these invaluable 
books available for use by its per- 
sonnel 

In the past year quite a few plants 
in various parts of the country have 
reported on sewage lagoons. The next 
article in this series will discuss this 
method of waste treatment. 
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with the MILLIPORE FILTER STANDARD METHOD 


NOW APPROVED as an Alternate Method for 
coliform testing, the MILLIPORE FILTER tech 


nique allows the determination of potable water 


MILLIPORE FILTER in Disposable Plastic Petri Dish show 
ng typical Coliform Bacteria Sheen Colonies, indicative 
of water contamination. MF® incubated for only 18 
hours at 35 C 


quality to be carried out more RAPIDLY, more 
ECONOMICALLY, and with much greater AC- 
CURACY than ever before possible. Results are 
obtained up to 5 times faster—in 16 to 20 hours— 
and with 2 to 5 times the precision of present 
broth tube methods. No tubes to wash, no break- 
age problems—the MF® technique saves val- 
uable time, saves money, saves space. 


MILLIPORE FILTERS are conveniently packaged in 
resealable Kraft envelopes—10 filters and nutrient 
pads per envelope—ready for immediate autoclave 
sterilization. Grid-marked to facilitate colony 
counting, the MF® may be readily filed as a per- 
manent record of test results. 


REGULATIONS SENSIBLY REQUIRE THAT PARALLEL 
TESTING OF THE MFP TECHNIQUE AND PRESENT 
METHODS be conducted in each laboratory to 
assure results of equivalent sanitary significance 
before adopting the new Alternate Method. Full 
details on establishing MILLIPORE FILTER 
techniques in your laboratory are immediately 
available upon request. 


*By the U.S. Public Health Service 
*Write for a copy of the new color-illustrated booklet 


IN THE LABORATORY 
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WATER TESTING 


MILLIPORE FILTER CORPORATION 


36 PLEASANT STREET, WATERTOWN 72, MASSACHUSETTS, U.S.A. 
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Appraisal of Membrane Filters 


OME OF THE GREAT pioneers 

in sanitary science and public 
health engineering—Sedwick, Phelps, 
Winslow, Levine and Streeter—who 
preceded the author in the Sanitary 
Science laboratories of M.I.T., would 
have “given their eye teeth” for an 
accurate and direct method of evalua- 
tion of bacterial numbers in a sample 
of water. Plate counts, decimal dilu- 
tions for the Phelp’s Index, and fin- 
ally the “M.P.N.” technique were 
gradually made available as controls 
of water quality. As most sanitary 
engineers know, these are in reality 
crude statistical approaches to the 
real number of organisms in a sample 
of water. Now, for the first time in 
history, sanitary science has a simple, 
accurate, and precise method of pota- 
ble water analysis in the membrane 
filter technique”). 


A Background of 10 Years 

The highest scientific body in our 
country, the National Academy of 
Science, has had assigned some of its 
scientific talent on the development of 
the membrane filter technique over 
the past ten years. As a result of this 
work far more accurate standards 
for water potability control have been 
formulated for the U. S. Public 
Health Service and the Armed 
Forces‘*). A summary of these studies 
has been published in the November 
1955 issue of the American Journal 
of Public Health®). The sanitary 
engineering profession and its duly 
appointed committees must take 
cognizance of this great forward 
stride in our efforts to secure ever 
tightening and more exact controls 
over water treatment and water qual- 
ity. 

What is one of the important ob- 
jectives of scientists and engineers 
today? The development of means of 
securing greater sensitivity and pre- 
cision of measurement! This involves 
the search for new techniques and the 
rigorous statistical analysis of results 
to prove or disprove their accuracy 
and precision. Sanitary scientists do 
not have to be accomplished statisti- 
cians, although such knowledge is of 
great help in laboratory research. The 
important point is that we must trust 
the mathematicians and place firm be- 
lief in their conclusions. 

As one who has taught courses in 


by ROLF ELIASSEN 


Prof. San. Eng., Mass. Inst. Tech., Cambridge, Mass. 


statistics and used it as a research 
tool'*?, the results of statisticians 


point to the unquestionable superiori- 
ty of the membrane filter technique 
over any other practical method of 
measuring the bacteriological quality 
of potable waters on a precise basis. 


The Old vs. the New 

True, the M.P.N. analysis gives us 
a numerical answer, but what does 
this answer mean? The first part of 
the present U.S.P.H.S. standard, 
wherein not more than ten percent of 
all 10 ml. portions of sample exam- 
ined per month for coliform organ- 
isms may be confirmed positives, 
constitutes an attempt to insure that 
the average monthly coliform density 
level will not exceed 2 or 3 coliforms 
per 100 ml. The second part of the 
U.S.P.H.S. standard, wherein less 
than five per cent of the standard 
samples (five 10 ml. tubes) can show 
three or more positive tubes per 
month, is aimed at the detection of 
coliform densities exceeding 10 per 
100 ml."?. 

But, laboratory and _ statistical 
studies'*? show that in any one sam- 
ple you can be absolutely sure that 
three out of five tubes will be con- 
firmed positive only when the true 
number of organisms is 40 per 100 
ml. If there are only 3 coliforms per 
100 ml., and you are trying to detect 
these to assure maintenance of aver- 
age standards in water quality, your 
tests will show that you will only 
have 3 or more tubes positive in ten 
percent of your samples! In other 
words, 90 per cent of the time that 
you may actually have this count 
you are being falsely assured by the 
negative results of individual samples. 
Similarly, if you are trying to detect 
momentary lapses of water quality, 
when coliform counts go above 10 per 
100 ml., your results (3 or more posi- 
tive) will only be correct 75 per cent 
of the time. The other 25 per cent of 
the time you will have missed the dan- 
ger signal. On the other hand, using 
a 200 ml. sample and a true density 
of 4 or more per 100 ml. (the sug- 
gested U.S.P.H.S. standard) the 
average membrane filter will detect 
the count of 8 or more per 200 ml. 
99 per cent of the time. That is what 
a control test should do! 

Furthermore, the proposed average 


monthly standard of one coliform or- 
ganism per 100 mil. will have a real 
meaning to water works operators 
and represent a rigid control stand- 
ard. 

Precision the Major Advantage 

Precision has thus been achieved 
far beyond that conceivable by any 
other practical method of coliform 
analysis. Realizing that precision is 
the most vital factor in water potabil- 
ity control, consideration can then be 
given to the advantages and disad- 
vantages of the technique. Decisive 
advantages have already been 
pointed out by others. *°°) These 
include: shorter processing time (18 
hours vs. 48 to 72 hours) ; the pos- 
sibility of testing any desired volume 
of sample; the ability to filter the 
sample in the field and start incuba- 
tion in a small unit rather than trans- 
porting refrigerated samples over 
long distances; the greater reliability 
by securing actual bacterial num- 
bers at the sampling site, rather 
than after growth or die-off dur- 
ing transit to the laboratory; the 
lowered cost of laboratory personnel, 
or greater productivity of existing 
personnel, make the membrane filter 
technique even more attractive 
but, precision is still the major ad- 
vantage. 

Some writers‘ have reported 
on the disadvantages which exist with 
this technique. Turbidity may pre- 
clude the use of large samples. Cor- 
relation with average M.P.N. values 
may show lower numerical values. 
But statisticians can show that the 
M.P.N. result is naturally higher than 
the actual value‘*’, due to the pecu- 
liarities in bias of the M.P.N. test 
and the large sampling error involved 
in the use of fermentation tubes. 

Lieber‘*) has stated that there are 
manifold advantages of the membrane 
filter technique and has described 
some of the present shortcomings. 
However, his claim that large vol- 
umes of samples are required is not 
borne out by the extensive U.S.P.H.S. 
and National Academy of Science 
studies.'*:3-6.7) The standards sug 
gested for the U.S.P.H.S. will employ 
50 to 200 ml. samples.‘) His state- 
ment that costs of membrane filters 
are higher than broth and tubes is 
correct, but he has not taken into 
account the very real saving in techni- 


3,7) 
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cians’ time and that greater accept- 
ance and use will, without doubt, ma- 
terially reduce production costs of 
membrane filters. Lieber correctly 
states that 24-hour presumptives can 
be used to warn sanitarians, but the 
tests must still be ca,. “d out for an- 
other 24 hours in order \at they may 














be confirmed. 


Che 





research projects of Thomas 








and Woodward", Lieber ®), and 
others, have demonstrated the versa- 
tility of the membrane filter tech- 
nique. True, it may require some fur- 





ther perfection in its application to 
the examination of tidal waters. And, 
further developments in media and 
methods of adaptation may also be 
required in order to adapt the tech- 
nique to other applications of interest 
and public 










to Sanitary 





engineers 
health officials 







Summary 






It is the opinion of the author and 
many others that the advantages of 
the membrane filter for the control of 
and for other 







potable water supplies, 








purposes such as stream sanitation 
studies, far outweigh the disadvan- 
tages. Even in its present stage of de- 
velopment the membrane filter tech- 
nique may be used to great advantage 
since precision of measurement is of 
paramount importance to workers in 
the field of sanitary science, and to 
water control authorities. The author 
is not suggesting dropping the fer- 
mentation tube technique as it will 
continue to be used by many analysts, 
but that the membrane filter tech- 
nique be adopted as an equal control 
standard in our codes and in Stand- 
ard Methods. Analysts and others 
may then choose to report results by 
either technique and will in all prob- 
ability run parallel tests for awhile to 
observe correlation of results. Adop- 
tion of the membrane filter technique 
as an officially standard 
procedure will be a genuine contribu- 
tion on the part of sanitary science 
to the field of water quality control. 


accepted 
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Table For Determining Most Probable Numbers 





Tubes and Three 




























per 100 ml. of Sample. Tests by Fermentation Tube Method Using Three 10 ml. Tubes, Three | ml. 
0.! ml. Tubes. 
No. Positive Tubes No Pestiive Nhe No. Positive Tubes No. Positive Tubes 
mi. mi mi mi mi. mi. mi. mi. mi. mi. 
10 1.0 0.1 MPN 10 . 6 °. MPN 10. 1.0 0.1 MPN 10. 1.0 0.1 MPN 
0 0 0 1 0 0 6 2 0 0 9.1 3 0 0 23 
0 0 | 3.0 1 0 1 2 2 0 1 14.0 3 0 1 89 
0 0 2 6.0 l 0 2 A 2 0 2 20.0 3 0 2 64 
0 0 ; 9.0 I 0 8 2 0 3 26.0 3 0 3 95 
0 l 0 3.0 1 1 0 2 1 0 15.0 3 1 0 43 
0 1 1 6.1 1 1 1 2 1 1 20.0 3 1 1 75 
0 1 2 9.2 1 1 2 2 1 2 27.0 3 1 2 120 
0 1 ; 12.0 1 1 8 2 1 3 34.0 3 1 3 160 
0 2 0 6.2 1 2 0 2 2 0 21.0 3 2 0 93 
) I 9.3 1 2 1 2 2 1 a 8 2 1 150 
0 2 2 12.0 1 2 2 2 2 2 3 2 2 210 
0 2 3 16.0 l 2 3 2 2 3 3 2 3 290 
0 ; 0 9.4 1 3 0 2 3 0 3 3 0 240 
1 . 1 3 1 2 8 1 3 3 1 460 
l 3 2 2 3 2 3 3 2 1100 
1 3 3 2 3 3 3 3 3 
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M AINTENANCE comprises those 
operations which serve to keep 
equipment and processes functioning 
properly without interruption. Re- 
pairs, on the other hand, are those 
steps undertaken to restore broken or 
worn out equipment to operation. 
These two terms have frequently 
been used somewhat interchangeably. 
Some writers, therefore, have used 
the term “preventive maintenance” 
to avoid any possible confusion with 
simple repair operations. 

In both water and sewage works, 
good plant control includes a program 
of preventive maintenance, for it has 
been said that “preventive mainte- 
nance is insurance against costly 
breakdowns.” 


Essentials of Good Maintenance 


There are four basic elements in 
preventive maintenance. These are a 
thorough knowledge of the equipment 
or process, proper tools, adequate re- 
placement or repair parts, and a 
planned program. 

Knowledge of equipment can be 
gained from manuals of instruction 
furnished by the manufacturer with 
the equipment. Knowledge of proc- 
esses and process operations can be 
gained from standard text books and 
magazines such as the Reference and 
Data Edition of Water & SEWAGE 
Works. : 

Special tools may be required for 
particular apparatus, instruments, 
machines and equipment or particular 
maintenance operations. Regardless of 
the type of tool or its use, they 
should be adequate and properly sized 
for the function they are to perform. 
Furthermore, tools should be located 
in a specific place and returned there 
after each use. A good motto is: “A 
place for everything, and everything 
in its place” whether it be a delicate 
instrument, a Stillson wrench, a car- 
penter’s level, or machinist’s file. 

Replacement or repair parts, com- 
monly called spare parts should be 
stocked in numbers according to the 
number of machines to be serviced 
and the operating life of the part. 
Like tools, spare parts should be 
carefully and correctly labelled and 
kept in a specific location. 

Planning a maintenance program is 
the job of the superintendent or man- 
ager of a water or sewage works. 


Planned Maintenance Program 


A preventive maintenance program 
should be set up for every piece of 
equipment, every structure, and every 


MAINTENANCE 


unit process in a water or sewage 
works system. This program should 
be aimed at accomplishing the overall 
desired objective of preventing costly 
breakdowns or loss of effectiveness 
and efficiency. Such a program will 
involve several factors. 

1. Regular periodic lubrication, in- 
spections, cleaning, and replacement 
of worn parts. 

2. Systematic distribution of main- 
tenance operations so that such opera- 
tions on different equipment will not 
fall due at the same time. 

3. Systematic scheduling of main- 
tenance so that it will be done on a 
definite periodic basis. The use of a 
card record system avoids dependence 
on memory.—"‘‘A piece of paper never 
forgets.” 

4. A method for adjusting the in- 

spection period to fit conditions as ex- 
perience indicates. 
5. Record cards to show date of 
maintenance, type of maintenance 
performed, condition of equipment, 
repair parts used, time spent on main- 
tenance operation, and costs. 


General Maintenance Operations 


There are certain fundamentai op- 
erations that can be applied as a part 
of any preventive maintenance pro- 
gram. 

Standby equipment should be oper- 
ated at regular intervals as should any 
equipment used infrequently. Inspec- 
tion of all equipment should be the first 
step in every maintenance program. 
Cleaning operations are essential to 
maintaining anything in good operat- 
ing condition. Lubrication at regular 
times with the proper lubricant is a 
must for equipment whose operation 
involves friction. 

Equipment and facilities should be 
protected against damage from care- 
less operation, and from careless or 
destructive passers by. Whenever nec- 
essary worn parts should be replaced 
and complete disassembly, cleaning 
and repairs may be desirable for some 
equipment at regular, if protracted, in- 
tervals. Corrosion may be prevented 
by applying protective coatings. 


Specific Maintenance Problems 


Among the many maintenance prob- 
lems which arise there are some which 
stand out, either because they are 
unique or because their true mainte- 
nance character is not always recog- 
nized. 


One of the most important mainte- 
nance operations is that of maintain- 
ing the carrying capacity of water 
mains and sewer lines. Corrosion and 
incrustation or slime formation in 
water lines often causes a serious loss 
in carrying capacity and pressure loss. 
Cleaning, or cleaning and lining, is 
the maintenance operation to be per- 
formed. Sewer lines may tend to be- 
come clogged with debris, stranded 
particles, settled grit and slime 
growths. Cleaning at regular intervals 
is required, but there is no protective 
lining that will help. In both water 
and sewer lines where slime growths 
tend to clog or reduce carrying capac- 
ity, the application of chlorine on a 
regular schedule is a preventive main- 
tenance operation. 

Cleaning of wells or performing 
operations that will assure continued 
full supply is termed maintenance. 
Filter washing is a maintenance op- 
eration, just as is the replacement of 
lost sand. Cleaning sludge beds in a 
sewage plant and replacement of sand 
are likewise maintenance operations. 
So too, is the washing of vacuum 
filter cloths (with or without acid) 
to increase the life of the cloth. 


Maintenance Equipment and Services 


To aid the superintendent or oper- 
ator there are many pieces of special 
equipment which can be obtained 
from manufacturers. There are also 
maintenance services which can be 
obtained. Outstanding examples of 
special equipment include that for 
cleaning sewers. 

Special maintenance services can be 
obtained to clean and reline water 
mains. Manufacturers of lubricants 
will gladly study any plant and de- 
velop both a list of the minmum lu- 
bricants required and a lubrication 
schedule. Paint and protective coat- 
ing manufacturers offer free consul- 
tation and recommendations on pre- 
venting corrosion problems. 

Many manufacturers of equipment 
offer a maintenance service program, 
whereby for a minimum fee and 
prorated expenses, a factory service 
man will make regular scheduled 
trips to the plant. Services rendered 
include disassembly, cleaning, lubri- 
cation, replacement of worn parts, 
indication of parts showing signs of 
wear, reassembly and adjustment. 
This service is particularly useful on 
complicated mechanisms, instruments, 
etc. in plants which cannot afford to 
have specialists on their maintenance 
staff. 
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Lubrication of Equipment 


For Water and Sewage Works 


S' VERAL THOUSAND YEARS 
\GO grease was used to lubricate 
the axles of Egyptian chariots. Sam- 
grease, which was made 
ial oil, have been found 
During the 
Renaissance, Leonardo da 
Vinci used grease mixtures for the 
lubrication of some of his remarkable 


ill 


ples of this 
with an anin 
in Fo 


Italiar 


ptian excavations 


ntions. Later, greases were used 
first crude steam engines and 
lriven machinery, which 
ted the Industrial Age in the 18th 


\merican greases were made 
kettles suspended over an 
Crude petroleum and resin 
red together and when the 
thought the mixture was hot 
he stirred in a solution of 
lime until it was thickened 
These greases reflected 
ncy or incompetency of 
and were far trom being 
in consistency, structure, or 
characteristic. 
se is a mixture of petroleum 
soaps formed together into a 
structure. It must be used to 
lubricate bearings where oil cannot be 
retained long enough to provide lubri- 
Present-day greases are man- 
ufactured by scientifically controlled 
Extreme accuracy of tem- 
perature control, exact weighing and 
and extensive mechanical 
developments make close control pos- 
sible Al overcome 
friction as metal to metal con- 


plasti 


cation 


processes 


measuring, 
this is done to 
such 
tact 


What Friction Is 


Friction is defined simply as resist 
ance to motion. Suppose, for example, 
that two flat metallic surfaces rest one 
upon the other. It would appear that 
ground surfaces such as 
these would offer little or no resist- 
ance to the movement of one another. 
When these surfaces are greatly mag- 


smoothly 
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nified, however, they are found to 
comprise innumerable microscopic ir- 
regularities, such as hills and valleys. 

The interlocking of these irregular- 
ities produces a definite resistance to 
the motion of one surface over the 
other. The force necessary to start 
this movement is great. After the 
movement is once underway the force 
required for continued motion is 
smaller because inertia prevents the 
moving surface from dropping again 
into an interlocking position, and mo- 
mentum carries the hills of the mov- 
ing plate over the corresponding hills 
on the stationary plate. This is the 
condition that exists in a slide bearing 
operating without a lubricant. 

The primary purpose of oil or 
grease lubrication in plain bearings 
is to introduce between moving metal- 
lic surfaces a fluid or plastic medium 
in the form of a lubricating film which 
separates the surfaces sufficiently to 
prevent metallic contact. This lubri- 
cating film substitutes fluid or plastic 
friction, which is the friction within 
the film itself, for harmful metallic 
friction. 


Action of Lubricant 


Lubrication of ball and roller bear- 
ings is a special case of grease lubri- 
cation. Their requirements are differ- 
ent, and they are considered separ- 
ately. Ball and roller bearings offer 
less resistance to starting motion than 
do plain bearings, and are therefore 
known as anti-friction bearings. The 
lubrication of such bearings is entirely 
different from the lubrication of plain 
bearings, since the motion is theoreti- 
cally of a rolling nature. 

If the motion in this type of bearing 
were actually purely rolling in nature, 
the roughness of the contacting sur- 
faces would offer practically no re- 
sistance to relative motion. In other 
words, if the theoretical “point con- 
tact” between balls and races could 


be maintained, no friction could be 
present. Similarly, if the theoretical 
“line contact” between rollers and 
raceways actually existed during op- 
eration, the resistance offered to the 
movement of the rollers would be 
negligible. In each instance, however, 
the slight deformation of the balls, 
rollers and raceways results in an 
appreciable area of surface contact 
and consequent slippage, and friction, 
between the moving parts. Additional 
friction is encountered between the 
balls or rollers, and their cages, con- 
sequently even in anti-friction bear- 
ings there is a certain amount of slip- 
page, although the friction resulting 
from such is relatively small. 

The dual purpose of lubrication in 
anti-friction bearings is to protect the 
highly polished and accurately ground 
surfaces from rusting and corrosion, 
and to minimize the friction resulting 
from the contact and slippage between 
moving parts. This is accomplished 
by the use of a lubricant that coats 
the balls, rollers and races with a pro- 
tective and lubricating film. 

The severe churning of the grease 
by the balls and rollers tend to intro- 
duce air into the lubricant. Where 
inferior products are used, this action 
swells the volume of the grease, im- 
pairs its behavior, and results in un- 
satisfactory lubrication. Therefore, 
suitable greases for anti-friction bear- 
ings should resist aeration to a maxi- 
mum degree, and thus minimize loss 
of lubricant. A high quality grease will 
be found to possess a maximum re- 
sistance to oxidation, separation and 
aeration. 

To insure a complete lubricating 
check, at the author’s plants a chart is 
made up on a six-months basis show- 
ing each motor, gear reducer, pump, 
compressor, exhaust fan, etc., together 
with the type of oil and grease to be 
used. The chart also contains space 
for indicating the date and the person 





making the lubrication change on each 
machine. It is well to have one man 
take care of this very important as- 
signment, because otherwise it is too 
easy to “pass the buck” when some- 
thing goes wrong. Extending this lu- 
bricating program to six months seems 
like a long time between oiling and 
greasing, but during this period every- 
thing is checked once a month and 
oftener for possible loss of oil or 
Such equipment items as 
chemical feeders, motors, and mov 
ing parts, are constantly being 
watched for lack of lubrication. 

A minimum of three kinds of oil 
and three kinds of grease is used at 
the sewage plant and a minimum of 
two kinds of oil and grease at the 
water plant. 

When the new water plant began 
its operation in May 1952, a lubrica- 
tion Engineer from one of the major 
oil companies went over the entire 
plant, and drew up a chart with lubri- 
cation recommendations. The speed of 
all the motors is 1725 rpm and a No. 3 
grease was recommended for ball and 
roller bearings and a medium-grade 
oil for practically all of the plant’s oil 
needs. 

Many motors now in use have what 
the manufacturer calls a “life-time” 
bearing on small motors, and bearings 
designated as high as five years on 
large motors, such as the 125-hp motor 
used for pumping at the Dickinson 
plant. This motor has sealed bearings, 
and the manufacturer has a nameplate 
on it specifying a five-year limit for 
an almost continuous service. It is 
hard to imagine a machine running 
constantly for five years with no bear- 
ing wear. It makes the ordinary lay- 
man wonder just where he’s been all 
these years 


grease. 


Gear Lubrication 


In the earliest machines that man 
built to do his work, gears formed an 
essential part. The teeth of these early 
gears were pegs, fashioned out of 
wood, and inserted in the rims of 
wooden wheels. They were crude af- 
fairs. The loads that were transmitted 
were necessarily light, and speeds were 
low. Lubrication was of little concern 
then, for when a tooth wore or broke 
its replacement was a simple matter. 
The first big forward step in gear de- 
sign came when peg teeth were aban- 
doned, and teeth shaped much like 


those in modern gears were developed. 

With this advance, lubrication as- 
sumed an important role in reducing 
wear and prolonging the life of the 
gear. Here, too, metallurgy had devel- 
oped, and correct profiling and pro- 
portioning of gear teeth came into its 
own. Thus, present-day gears, with 
their accurately cut teeth of correct 
profile and finely finished surfaces, are 
a far cry from the old wooden pegged 
gears of the past. Many types of gears 
are currently used, such as the spur 
gear, stepped gears, helical gears, 
hypoid, bevel, worm, and many other 
types of gears. 

At the Dickinson sewage treatment 
plant, there is a double-throated worm, 
and worm gear, in the primary clari- 
fier ; also in the secondary clarifier and 
in the digester. These sets of gears 
power the gathering mechanism that 
collects the sludge to be drawn off by 
the sludge pump and put into the di- 
gester. All teeth contact to full depth 
and all the teeth of the worm are in 
working contact simultaneously, with 
the result that these gears have a con- 
siderable area of tooth contact. The 
worm gear is partially submerged in 
an oil reservoir, and supplies its lubri- 
cation in this manner during opera- 
tion. A glass oil container is used as 
an oil feeder; the operator can see 
when a refill is needed. 

During the spring cleanup, the gear 
mechanisms of the primary, second- 
ary and digester are completely taken 
down in search of any faulty parts 
that may cause a shutdown at some 
time or another. After every part is 
cleaned and inspected and reassem- 
bled, the reservoirs are filled with oil, 
and the gears are completely oiled by 
hand so as to avoid any metal to metal 
wear at the beginning of the operation. 

The sludge pumps are packed when 
needed, and this is not too often. The 
operator keeps a soluble oil mixed 
with water over the packing at all 
times for smoother operation. Many 
different kinds of oil have been tried 
for this particular operation until the 
oil exactly fitted to the particular use 
was found. 

If at any time there is a breakdown 
and a motor or pump is taken down, 
it is well to take advantage of the situ- 
ation. If time is available, here is a 
chance to clean the bearings or repack 
the pump, and perhaps re-align the 
motor and the pump shaft. Shaft 


R-107 


alignment is of great importance. No 
matter how small or how large a pump 
or motor may be, there is always a 
chance that it may be out of line. Any 
mechanism out of alignment means 
wear and tear on the bearings. 

In going over the manufacturer’s 
recommendations on oiled ball bear 
ings, and also on gears encased in a 
housing with a sightglass inserted, 
their instructions specifically recom 
mend that during a shutdown period 
of any length of time, the sightglass 
should be filled to the very top and left 
that way until operation is resumed. 
Furthermore, the sightglass reads 
maximum and minimum ; when oper- 
ating, the oil level should be kept mid- 
way. The reason for recommending 
a full sightglass during a shutdown 
period is that when machines are left 
idle during a shutdown period with 
the oil left midway in the sightglass, 
the upper half of the bearing is left 
exposed to moisture, and the balls may 
become pitted. One little pit in one 
ballbearing may cause trouble in the 
future. 


Small Motors 


Lubrication of fractional horse- 
power motors should be mentioned. 
Most small motors have a small felt 
pad that feeds the oil to the motor 
shaft. After it has been run for some 
time this felt pad hardens and com- 
pletely shuts off the oil feed to the 
shaft. In order to get the oil flowing 
freely again, a sharp instrument such 
as a dental tool is used to pierce the 
felt wick several times until the oil 
flows freely. About 99 per cent of all 
small motor trouble is caused by lack 
of lubrication and over-fusing. 

In conclusion, it should be stressed 
that correct lubrication involves the 
application of the right lubricant, at 
the right place, in the right way. It 
follows that there should be a right 
lubricant for every type of machine 
made. The oil industry has found 
these correct oils and greases for ev- 
ery possible mechanism. It is a good 
feeling to know that lubrication speci- 
fications have been simplified by the 
oil industries to the extent that an 
expert can be called to give his recom- 
mendations, free of charge, whether 
it be for the simplest piece of mecha- 
nism or for the most intricate machine 
used in science. 
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Practical Methods for Attaining 
Proper Multiple V-Belt Tension 


A* YONE at all familiar with the 
modern multiple V-belt drive is 
aware that a V-belt derives its grip 
from the wedging contact between the 
the V-shaped belt and the 
the V-shaped grooves of the 
sheaves. Because of this wedging con- 
tact, a V-belt requires less tension 
than a round or flat belt, which de- 
pends for its grip solely on frictional 
contact with the sheave surface. 
Chis very fact sometimes 
Because of the effectiveness 
of their grip and the generally ac- 
cepted fact that they do require less 
tension than other types, there is often 
a tendency to apply too little tension 
belts. Experience shows that 
there are a great many more V-belt 
drives operating with insufficient ten- 
than there are drives with too 
much tension. Drives with slack, sag- 
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ging belts almost always need more 
tension. Proper adjustment will often 
remove the sag and cause the belts to 
operate more uniformly and effi- 
ciently. 

Even though the V-belt drive re- 
quires less tension than other types, 
to operate correctly and assure longest 
life of both belts and sheaves a V-belt 
drive must have some tension on the 
belts. Otherwise, the belts will slip 
while in use, quickly wearing both 
belts and sheave grooves. Also, slack 
belts have a tendency to “whip,” jerk, 
and not operate in unison. 

Che question is, naturally, what is 
the correct amount of for 
\-belts and what is a practical means 
of attaining it? Before attempting to 
answer these questions, it would be 
well to examine a few other facts. 


tension 


Fig. 1—V-BELTS under proper tension feel springy and alive when slapped with the 


palm of the hand; slack belts feel dead 
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Initial Stretch 

Like a pair of new shoes, V-belts 
when first installed need a “breaking- 
in” period. Over the period of their 
useful working life standard V-belts 
of rubber, cord and fabric will show 
a total stretch of approximately 4 
per cent. 

The stretch is effected gradually and 
may only become apparent after the 
belts have been under proper tension 
for a relatively long period. However, 
a small amount of this stretch occurs 
soon after belts have been installed 
and until they reach their working 
length. After this initial stretch is 
removed the belts resist further “give” 
and retain a large share of their elas- 
ticity. 

It is possible, of course, to put so 
much tension on a V-belt drive that 
the belts themselves will be “tight as 
fiddle strings ;” the belts will be unduly 
stretched and the bearings of motor 
and driven machine overloaded and 
damaged. However, this danger is not 
too great and is not frequently en- 
countered unless excessive tension is 
applied deliberately and without 
reason. 

All that is necessary on the average 
properly engineered drive is to apply 
enough tension to prevent slipping of 
the belts under full load. Slippage can 
readily be detected by use of a tachom- 
eter applied to driver and driven 
sheaves. If an excessive amount of 
tension is required to keep the belts 
from slipping, the engineering of the 
drive should be checked. Perhaps the 
drive should have larger diameter 
sheaves or more belts. Use of high- 
capacity type belts may offer a solu- 
tion. 

The phenomenon of belt sag is well 
known, but the facts in connection 
with it are often misinterpreted. 
Sometimes on a matched set of belts 
which has been in use, and frequently 
with newly installed matched belts, 





some belts will sag more than others 
and appear to be considerably longer. 
Actually, this is not the case. In the 
modern method of matching V-belts 
the maximum difference in length be- 
tween longest and shortest belts in the 
set is only 0.1 inch per 100 inches 
of belt length, or 0.1 per cent. 

The amount of sag this may pro- 
duce is deceiving. On a center dis- 
tance of 100 inches on drives with 
both shafts parallel to the floor or 
base, a sag of 2 inches in a belt will 
appear drastic, yet it can be removed 
by only 0.054 inch of take-up on the 
motor base—less than 1/16 in. 

Stretching the shorter belts in the 
set this small amount to bring them up 
equal with the others will not harm 
them. In fact, considerably more than 
this amount of stretch must be ap- 
plied to all of the belts in the set. 

Research has shown that V-belts 
operate best when under slight stretch, 
which is, of course, induced by put- 
ting them under tension. That is the 
reason the belts are made resilient and 
elastic—-a necessary attribute of 


V-belts working in multiple. Belts un- 
der proper tension are operating under 
approximately 0.5 per cent stretch. 


Measuring Proper Tension 

[t is impractical in the average shop 
or factory to actually measure the 
pounds of tension which are applied 
on a V-belt drive, such as can be done 
in the laboratory with special equip- 
ment. Exact measurement is not nec- 
essary, however ; it is sufficient to have 
practical ways of approximating the 
correct tension. 

lhe experienced operator can tell 
by observation and feel whether or 
not a set of V-belts is under proper 
tension. Unless the drive has an un- 
usually long center distance, the belts 
under proper tension have little, if 
any, sag. A slack V-belt feels dead 
when thumped with the hand ; a prop- 
erly taut belt (Fig. 1) has an alive 
springiness. 

Chere are other ways of judging 
whether or not a V-belt drive has the 
proper tension. One way is by use 
of a tachometer, as previously men- 
tioned. After a set of belts has been 
installed, all the slack removed, and 
the drive started up, the rpm of the 
driver shaft can be checked with the 
rpm of the driven shaft according to 
speed ratio. Tension should be applied 
only to the point where no slippage is 
evident. The procedure should be re- 
peated every few days until the belts 
are broken in and set properly. 

Another method, favored by some 
operators, is that of depressing the 


belts as shown in Fig. 2. With the 


drive stopped, press down firmly on 
each individual belt. A belt which can 
be depressed an amount equal to its 
own thickness for each 48 inches of 
unsupported length is properly ten- 
sioned. This allows for the fact that 
the larger the cross-section, the greater 
the amount of tension required. Where 
48 inches of unsupported length is not 
available, a proportional amount of 
pressure should be exerted. 

Still another way of quickly attain- 
ing the approximate correct tension 
when installing a set of belts is to 
proceed as follows: After the belts 
are fitted in the grooves properly, 
move the motor away from the driven 
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machine just to the point where belt 
sag is eliminated. Indicate the exact 
center distance by making a chalk 
or pencil mark on the motor base. 
Then make an additional take-up of 
YZ inch for each 100 inches of center 
distance ( Fig. 3). Proportionate take- 
up should be made on longer or shorter 
center distances. 

This will approximate about 0.5 per 
cent stretch and put the belts under 
the proper tension. They should be 
checked after the first few days use 
with the “hand thumping” or “de- 
pressing”’ method to be sure they have 
not loosened up. If so, more take-up 
will be required. 











Fig. 2—ANOTHER METHOD of checking tension is to depress belts one at a time. 
A belt under proper tension can be depressed, with reasonable pressure, an amount 
equal to its own thickness for each 48 inches of unsupported length 


Fig. 3—PRACTICAL way to obtain 0.5 per cent stretch needed for proper tension 
is to fit belts in grooves properly, move motor away from driven machine until all slack 
and undue sag is removed, make chalk mark on base at end of movable plate, then 
make additional take-up in ratio of 2 inch for each 100 inches of center distance 
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Piping Color Codes” 


COMM. REPORT ON PIPING COLOR CODES OF CALIF. SIWA. 


YHE SUBCOMMITTEE on 
Paints and Protective Coatings of 
Federation is actively planning a 
painting manual adapted to the partic- 
ular problems confronted at sewage 
ind industrial waste treatment facili- 
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lesigners 


operators and 


evoke interest 
treatment 
constructed, 


code S 
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designed 
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In 1954, the California Sewage and 
Industrial Wastes Association § ap- 
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ship. While this study -was being 
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ited a standard pipe marking and 
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State or 


or code for use at state 


d properties. This code is based 
on the 


standards for piping color 
ndustry as developed by the 
Standards Association, Na 
onal Council and American 
Society of Mechanical Engineers. The 


work of these professional groups has 


codes 


American 


1  atety 


en comprehensive and provides an 
excellent basis upon which to prepare 
a specific color code for the sewage 
ind Inclusion 
of a recommended color or other iden- 
tification code is planned by the Fed- 
“Paint Manual’ Subcom- 


industrial wastes field. 


eration’s 
mittee 
In further consideration of piping 
codes excerpts from the color 
the state of California are 
presented for consideration. 


] 


coior 


code for 


Calif. Standard Pipe 
Marking and Safety 
Color Code 


need for a systematic and uni- 
ethod of identifying materials 
ntained in pipes throughout all state 
} 


properties 


as been apparent for so 
that further justification 


Many years 
1 


should be unnecessary. 

One reason supporting this need is 
maintenance and construction 
| readily familiar with piping 


personne! 
though transferring from one in- 


to have 


t eT 


Ind. Wasté s, Vol 


ted from Sew. & 


0, p 813 (1956 . 


W.&S.W.—REFERENCE & DaTa—1957 


stitution or property to another. This 
in itself would conserve incalculable 
amounts of time, and therefore mon- 
ey, for the state. Another reason sup- 
porting this need is to permit quick 
familiarization by outside personnel 
in the event of major disaster or ca- 
lamity such as fire, flood, earthquake, 
bombing or other unforeseen event. 

At the present time, if it became 
necessary for Civil Defense, National 
Guard, Army, Navy or other agency 
to assume the operation of any state 
properties on an emergency basis, op- 
erating personnel would be severely 
handicapped in attempting to orient 
themselves. Much unnecessary and 
perhaps dangerous confusion would 
result due to lack of piping identifi- 
cation, 

[his system was set up with the 
thought that it should be inexpensive 
to install, require a minimum of effort 
to maintain, be simple to become fa- 
miliar with and all-inclusive in 
scope, as well as most effective. 

Table I presents the basic features 
of the piping system identification 
method, including the classification 
letters, class description, color and 
special uses for which each class is 
designated. This method is to be used 
as the standard safety color code for 
the entire scope of purposes for which 
pipe markings will be necessary. Spe- 
cific material classifications and rec- 
ommended legend, color and banding 
are given in Table II as they may be 
applicable to sewage and industrial 
waste treatment facilities. 


be 


Material Classification 

This column gives the classification 
letter for the material conveyed in the 
pipe as approved by the American 
Society of Mechanical Engineers, 
American Standards Association and 
National Safety Council and is not 
to appear on the piping. 


TABLE | 


Basic Features of Piping System 
Identification 


Classifi- Color 


cation 


Description Special Uses 
Danaer 
Caution 
Orange} Electrica 
Safety Green | Safety 
Protective Blue | Protection 
— Brown | Waste lines 


Red 


F Fire protective 
: Yellow 


Caution 
Alert 


Legend 


This column shows the printed leg- 
end, as it shall appear on the pipe 
in conjunction with the direction ot 
flow arrow pointing in the direction 
of flow. The legend is the mandatory 
portion of the system. 

This printed legend with the direc- 
tion of flow arrow must appear as 
specified to conform or qualify as a 
standard pipe marking code. 


Banding 


Banding shall be used when it is 
deemed necessary or desirable to in- 
clude banding of piping in classifica- 
tion colors. 

One-inch colored banding shall be 
applied on the piping 1 in. from the 
immediate Jeft of or preceding the 
stenciled legend and direction of flow 
arrow. The banding shall be as fol- 
lows: 

Primary mains 

Intermediate or 

secondary mains 
Branch mains or _ 
equipment service 


Chree 1-in. bands 


Two 1-in. bands 


One 1-in. band 


Color 

This column identifies the classifi- 
cation color as approved by the 
ASME, ASA, and NSC for each 
material as listed. The identifying col- 
ors, red, yellow, orange, green, blue 
and brown, shall apply for whatever 
materials are used; paints, cellulose 
tapes, fibered tapes, gummed paper 
or other. 

The classification color shall be 
used when painting identification 
bands or the entire pipe should it be 
deemed desirable to use this latter 
type of system. However, when the 
entire pipe is painted a band of ample 
width to accommodate the legend por- 
tion of the system shall be provided 
in white or pastel color in ample con- 
trast to any of the classification col- 
ors as to be readily distinguishable. 


Additional Banding 


This column gives the additional 
banding to be used in the event sup- 
plemental safety or precautionary 
marking proves necessary or desira- 
ble. It should be noted that the band 
size called for is % in. in width. These 
bands shall be placed % in. apart 
where more than one band occurs, 





and commencing | in. to the immedi- 
ate right of or after the printed leg- 
end and direction of flow arrow. This 
additional banding is designed to in- 
dicate such things as the danger or 
safety of the material carried as per- 
tains to its degree of explosiveness, 
inflammability or danger to life and 
limb. For example: three %4-in. red 
bands would indicate an explosive 
material, two %4-in. red bands an in- 
flammable material, one green band 
a very safe material, etc. 

On small pipes with outside diame- 
ter of 2 in. and less, the height of 
letters used shall be equal to approxi- 
mately one-half the outside diameter 
of the pipe, i.e., % in. on 1-in. pipe, 
and 1 in. on 2-in. pipe. On larger 
piping, the same rule shall prevail 
up to the use of a maximum size let- 
ter of 3 in. in height. The printed 
legend shall appear at all valve loca- 
tions, wherever and whenever a pipe 
passes through an obstruction, both at 
the point of entry into and/or egress 
from or within a reasonable and con- 
venient distance therefrom (a reason- 
able distance being within 4 ft.). 
Wherever two or more pipes run par- 
allel, the printed legend and other 
markings shall be applied in the same 
relative location so as to be in either 
vertical or horizontal linearity, which- 
ever the case may be. The printed 
legend, 
shall appear as many times as is nec- 
essary along the pipe to be readily 
conspicuous at all times from any rea- 
sonable point of view. 

All pipes shall be marked at both 
ends if the total length exceeds 10 ft. 
No piping shall run more than 30 
ft. between markings, except in cases 
where the pipe is so located as to 
preclude this necessity. This would 
be if the pipe were confined to a tun- 
nel, run overhead for long distances, 
or buried, in which case common 
sense and good judgment of needs 
shall be considered. 


with direction of flow arrow, 


Instructions and 
Suggested Methods 
of Application 


The use of paper stencils for the 
printed legend should present little 
or no problem. In case of smaller in- 
stallations, arrangements can be made 
with a place of business having a 
shipping department to cut a nomi- 
nal amount of paper stencils for little 
or no charge. The stencils should be 
attached to the pipe and made to lay 
closely with the use of masking tape. 
Stencils thus attached can be sprayed 
with paint and, on removal, should 
result in a sharp, clean edged printed 
legend. 

Paints for 


lettering, as recom- 


TABLE 2 
Standard Pipe Marking and Safety Color Code 


Material 
Classifica- 
tion 

Domestic water’ 

Industria! water’ 

Fire protective water 

Hot water supply or return 
Hot water supply 
Distilled water 


Boiler feed water 
Pressure steam 


Gasoline 





Manufactured, natural, propane 


Fuel oil or diesel o 
Chlorine 

Oxygen 
Compressed air 


Vacuum air 


. . | 
Sanitary sewer, raw sewage influent 


Danger, electrical (exact voltage 


Printed Legend with Direction of Flow Arrow 


(domestic) 


or return (heatir 


r blow-off water 


Acetylene, butane, exhaust or flue gas 


Color Code 
Additional 
| Safety Banding 

Green 3-Green _ 
Green |-Green 
Red Green 
Green 
Green 
Green 
Green and 
| 1-Yellow 

Yellow 2-Red 

Yellow Red 


Yel wv Re a 


Yellow 


3) Yellow 


Green 


| Yellow 


or process g Yellow Red 


Yellow Red 
Yellow -Red 
Yellow Red 
Green Ye 
Green 

Brown 
Orange 


' after legend indicates whether potable or non-potable water. 


mended, are available in pressurized 
cans. The use of paint materials pack- 
aged in this manner is recommended, 
as there will be no labor required for 
mixing and preparation of paints or 
usual messy clean-up work on com- 
pletion. Also, these paints can be on 
hand for additional marking work as 
may be necessary at any later date. 

Tapes, in colors corresponding to 
the standard colors, are available in 
widths as specified for the color band- 
ing. These colored tapes are manu- 
factured expressly for the purpose of 
pipe marking, and the fiber types are 
quite durable. 

By following the foregoing recom- 
mendations and specifications, no spe- 
cial skills are required to apply this 
pipe marking system. Any man in the 
maintenance staff possessing the qual- 
ities of neatness and normal mechani- 
cal ability should be capable of pipe 
marking without assistance, except 
perhaps a man not familiar with the 
piping who therefore would need to 
have the various pipes named as to 
contents by someone on the mechani- 
cal maintenance staff. 


Other Uses 


The safety color code portion of 
this system is intended for use 
throughout any installation. The uses 
to which this color code can be put 
are numerous. It could be used in 
various shops to mark off locations 
that are safe, hazardous, or danger- 
ous; to paint electrical switch boxes 


(orange); “No Smoking” signs 
(white lettering on red background) ; 
first aid equipment (green) ; protec- 
tive equipment (blue) ; etc. Contain- 
ers for various liquids such as gaso- 
line cans (red) ; water (green) ; etc., 
can be marked in any and all areas 
of institutions to indicate danger, cau- 
tion, alert, safety, and the protective 
status of the container or item. 


Upper Mississippi River— 
Great Lakes Board 
The Upper Mississippi River 
Great Lakes Board of Engineers, rep 
resenting 10 states, has suggested the 
following standard color schemes for 
sewage treatment plants: 
Piping Color 
Brown 
Red 
Blue 
Yellow 


Gray 


Sludge 
Gas 
Potable Water 
Chlorine 
Sewage 
Compressed 

Air Green 

This is a relatively easy list of col 
ors to remember and the choice of 
colors appears logical. There is a 
natural association in the minds of 
most operating personnel between the 
color noted and the material con 
veyed, The system avoids the use of 
a band or legend, thereby making it 
well suited for small plants or un 
complicated pipe systems. Directional 
flow arrows, however, are desirable. 
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Bucket Elevators fill these storage bins. Eight WAYTROLS here in this Mixers insure proper blending of 
Spiral conveyors carry chemicals away. waterworks automatically proportion coagulant solutions, assuring most 
chemicals for mixing. economical use of chemicals. 
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Traveling Water Screens remove FLOCTROL tanks give complete floc- Sludge Collectors forsettling basins 
all floating debris and suspended culation in shortest possible time, with are designed for quiescent flow to 
matter from plant influent. minimum chemical usage. speed sedimentation. 


let JEFFREY MECHANIZE your water treatment plant 


JEFFREY’s sixty-five years’ experience with mate- 
rial-handling equipment qualifies the JEFFREY 
Sanitary Engineering Division to offer complete 
technical assistance on water treatment plant equip- 
ment and design. Catalog 833-A describes this 
equipment. The Jeffrey Manufacturing Company, 
Columbus 16, Ohio, 


CONVEYING + PROCESSING + MINING EQUIPMENT >» 
TRANSMISSION MACHINERY * CONTRACT MANUFACTURING 
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IV. WATER WORKS OPERATIONS 


ROM THE PROCUREMENT of the original sup- of water works operations and the various phases there- 

ply to the ultimate delivery of water to the consumer, _ of. Space does not permit the inclusion in one issue of all 

the operation of a water works system involves many the basic articles on this subject. Other good articles of 

reference nature will be found in the previous Reference 
and Data Numbers. 

The following outline shows the broad scope of water 










sciences both pure and applied, including physics, chemis- 





try, hydraulics, engineering of all kinds, bacteriology, 





liminology, psychology, economics and statistics. 
The following section is devoted to the general subject 


OUTLINE OF WATER WORKS OPERATIONS 





works operations. 











* 
l. Source of Supply 2. Chemical 3. Treatment 
A. Surface Water ll. Treatment a. Preventive 
1. Streams and Rivers \. Coagulation (1) Algae control 
2. Ponds and Lakes 1. Theory and need for (2) Weed control 
3. Impounding Reservoirs 2. Mechanism (3) Pollution control 
a. Yield 3. Factors in coagulation b. Corrective 
b. Site Selection a. Subject to control (1) Aeration 
b. Other (2) Coagulation and 


c. Site Preparation 
d. Required Capacity 
ee Losses 

f. Siltation 


g. Effects of Storage 


4. Coagulation Aids 
a. Artificial nuclei 
b. Solids contact 
c. Activated Silica 


Sedimentation 

(3) Chemical oxidation 

(4) Adsorption on activated 
carbon 5 


























h. Watershed sanitation 5. Control (a) Points of application 
+. Dams 6. Application (b) Dosage a 
a. Purpose B. Mixing (c) Handling and feeding 
b. Types 1. Basins G. Disinfection 
c. Sites 2. Mechanical 1. Need for 
d. Earth 3. Flocculation 2. Methods 
e. Spillway C. Sedimentation a. Physical agents 
5. Floods 1. Types of basins b. Chemical agents 
a. Control Provisions a. Rectangular 3. Chlorination 
b. Flood Routing b. Circular a. Agents 
B. Ground Water 2. Detention time b. Methods of feeding 
1. Occurence 3. Flow-through time c. Dosage 
a. Percolation +. Sludge removal d. Control 
b. Water-bearing formations 1). Aeration +. Ozonation 
c. Underground flow 1. Types of aerators H. Softening 
2. Quality a. Waterfall 1. Need for 
a. Solvent action of water bh. Injector 2. Methods 
b. Pollution c. Other a. Lime 
c. Characteristics 2. Application b. Lime-soda 
3. Types of Underground Sup a. COs removal c. lon exchange 
; plies hb. Odor removal 3. Treatment practices 
a. Springs c. Oxygenate water +. Control 
: b. Infiltration galleries d. Iron and manganese re 5. Results 
° c. M ells _.,, moval I. Miscellaneous Treatment 
(1) Types I: Filtration 1. Iron removal 
: (a) Shallow l. Principles 2. Manganese removal 
(b) Deep 2. Types of filters 3. Fluoridation 





(c) Ranney a. Slow sand 










(2) Location b. Rapid sand Ill. Distribution 
(a) Divination c. Diatomite ‘ 
(b) Geological d. Pressure \. Elements 
(c) Sanitary e. Miscellaneous 1. Distributing reservoirs _ 
considerations 3. Hvdraulics 2. Conduits and transmission 





mains 


(d) Spacing 4. Results 









(3) Construction F. Taste and Odor Removal 3. Pipe lines and net works 
(a) Shallow 1. Causes of odors 4. Valves 
(b) Deep a. Algae .) Hydrants 
(c) Gravel packed b. Protozoa 0 »ervices 
(c) Ranney c. Bacteria 7. Meters 







( )peration 















(4) Capacity and yield d. Chemicals B. 
(5) Development (1) Natural 1. Service installation 
(6) Pollution (2) Industrial Wastes 2. Field studies 
(7) Operation e. Enhancement 3. Loss of Carrying Capacity 
(8) Maintenance 2. Determination of T. & O. 4. Maintenance 
C. Characteristics a. Methods 5. Meter testing 


1. Physical b. Techniques 6. Other problems 
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water is made possible by a self-cleaning, 
million gallons per day. Such fast uninterrupted flow of nature’s own clear non-clogging Cook Well Strainer. 


How's this for fast, free flow? 


Water surges from this pump for Natick, Massachusetts at the rate of 144 


Cook’s exclusive V-shaped, self- with the strainer.” You will be pleased, 
cleaning, non-clogging slot assures too, when you specify Cook. 
maximum flow of clean water from this Wire-wound and brass-tube type 
well for many years to come. That’s Cook Well Strainers are available in 
why the Eastern Drilling Company _ slot sizes ranging from .006” to .25”, 
chose a Cook Well Strainer. They used fabricated from Red Brass, American 
a 15-ft. length of Cook 24” wire-wound Everdur Bronze, Armco Iron, or Stain- 
Everdur strainer for this particular well. less Steel. Eight to twenty-four hour 

Coffin & Richardson of Boston, con- _ delivery is often possible. Call Cincin- 
sulting engineers for the job, reported nati HUmboldt 1-8800 for this service, 
that they were “very highly pleased or write us direct for specifications. 


| EHCOOK WELL STRAINE co 


6330 Gilenway, Cincinnati 11, Ohio 


ms 


A Oo | WN A BA nN Ww Cc L tL - . A 
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Well Rehabilitation by Chlorination 


Chlorine applications specifically to eliminate clogging growths of iron bacteria 


YHLORINE treatment to increase 
the yield of wells, sometimes called 
well rejuvenation, seems to be stand- 
ard practice in that broad area of the 
United States lying between Lakes 
Michigan and Superior southward to 
the Gulf of Mexico. That the method 
is so widely used in this area is be- 
cause iron bacteria, the bacteria which 
clog well screens so effectively, and 
which yield to chlorine treatment so 
easily, are especially abundant in the 
underground water throughout this 
territory. In fact, the area immediately 
adjacent to Green Bay, Wisconsin has 
earned the reputation of harboring 
the most lush growth of iron bacteria 
of any place in the United States and 
perhaps of any place in the world. 
Chlorine treatment was born of 
necessity and has prospered by its 
practicality. The treatment is spe- 
cialized and is effective when used 
specifically for the elimination of the 
bacterial growths that clog well strain- 
ers, the areas immediately adjacent to 
the strainers, the pump bowls and the 
piping leading to the surface. Where 
well capacities have declined 
siderably because of these growths, 
and where there has been a negligible 
change in the ground water level, 
chlorine treatment has increased ca- 
pacities sometimes to their original 
figure. 


con- 


Selecting the Point of Application 


For such treatment the point of ap- 
plication should preferably be at the 
bottom of the well. When applied at 
this point, the chlorine comes in im- 
mediate contact with the sand and 
gravel surrounding the screen, the 
screen, the pump, and by diffusion 
with the piping above the pump. The 
usual routine is to apply the chlorine 
and then allow the well to “soak’”’ 
from 12 to 24 hours—assisted, per- 
haps, with occasional “bumping’’ or 
“surging” to make sure that the chlo- 
rine is carried up into the pump bowls 
and the piping carrying the water to 
the surface. This practice also tends 
to force the chlorinated water into the 
sand and gravel surrounding the 
screen. Of course, the well must be 
flushed before replacing in service. 


by A. E. GRIFFIN 


CHLORINATION FOR 


WELL CAPACITY 


PER MINUTE 


— 
+ 


RECLAMATION 


THREE CASE HISTORIES—The effect of chlorination on recalamation of well capacity. 


Where it is impossible or impracti- 
cal to apply the chlorine at the bot- 
tom of the well it may be applied to 
the pump discharge. When applied at 
this point the main discharge line 
should be closed and a by-pass of 
smaller diameter should be installed. 
Chlorine is applied to this by-pass 
water with which the well is back- 
flushed after the well has “soaked” 
in heavily chlorinated water, contain- 
ing 50 ppm to 100 ppm residual chlo- 
rine. 

Rate of Chlorine Feed Required 

The rate of chlorine feed depends, 
of course, on the rate of water feed 
used in back-flushing, and the amount 
of chlorine used depends upon the 
quantity of water needed to displace 
the water in the suction pipe and in 
the area immediately adjacent to the 
screens. Care must be taken to pre- 
vent overdosing with chlorine to the 
point where the pH value of the water 
will be reduced below 4.0. If the pH 
is allowed to drop much below 4.0 the 
screens may be damaged due to the 
action of hydrochloric acid. 

Should the decrease in yield be due 
to the presence of excessive amounts 


of dissolved salts, or to iron hydroxide 
or carbonate, other cleaning methods 
than chlorination should be used 
Furthermore, chlorine treatment 
should not be used where the draw- 
down is so great as to allow the en- 
trance of air. In such instances, the 
use of chlorine may “worsen” instead 
diminish the difficulty. The severity 
of the problem determines the fre- 
quency of treatment. 
Case Histories of Well Cleaning 

In certain instances where “bio- 
fouling” has reached undue propor- 
tions, repeated flushing with chlorine 
may be required at the start, as indi- 
cated by Case No. 3, Fig. 1. However, 
once the original clean-up has been 
accomplished, subsequent treatments 
usually are mild in character. Where 
pumping is intermittent, and the chlo- 
rine is applied in the well, excellent 
control can be obtained by so arrang- 
ing the chlorinator equipment that a 
measured amount of chlorine will flow 
back into the well between pumpings. 
Where pumping is continuous, it 
usually is necessary to back-flush on 
a regular schedule. 

In Fig. 1 are presented operating 
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data on three typical wells whose ca- 
pacities had dropped to the danger 
point. In Case No. 1 accumulations 
around the screen and in the sand had 
reached such proportions within four 
years that the well was almost useless. 
Following alternate treatment with 
chlorine and proper flushing, the well 
capacity was increased to 1740 gpm. 
On April 8th, its capacity was down to 
1540 gpm., which was quickly brought 
up to 1780 gpm. by chlorine treatment 
on April 19th, 1940. These figures in- 
dicate that the growth of the mineral 
bacteria in this case was relatively 
slow, but could be eliminated quickly 
and at slight cost. 

Case No. 2, Fig. 1, is somewhat dif- 
ferent. This is a well of relatively low 
yield, falling off in capacity by about 
30 per cent over a four-year period. 
Chlorination brought it back to a yield 
above the original. However, within a 
three week period its capacity was 
again on the downgrade, a circum- 


stance which was remedied by chlo- 
rination. It is evident from these data 
that this well should receive very fre- 
quent applications of chlorine. 

Case No. 3, Fig. 1, is quite similar 
to Case No. 1, wherein a large drop 
in well capacity was noted during the 
first few years of service. Due either 
to timidity in chlorination or to es- 
pecially resistant organisms, repeated 
surgings with chlorine were required 
before the desired capacity was re- 
stored. Once this capacity was ob- 
tained, however, the loss was very 
slight during the following year ; mild 
chlorination again restored its yield 
almost to that obtained when the well 
was first placed in service. 


Organisms Involved in Weil Fouling 


Insofar as can be determined, the 
bacteriological accumulations on the 
well screens and surrounding strata 
are similar in character to the “bio- 
fouling” material found in the water 


distribution system. 

The organisms responsible for these 
organic deposits belong to a group not 
ordinarily isolated in a sanitary water 
analysis. This is due to the facts that 
many of them will not grow on the 
ordinary culture media employed ; that 
some of them are very difficult to 
cultivate on any media; and that they 
seldom are dispersed in the water in 
appreciable concentrations. Thus, un- 
less their numbers grow to the point 
where difficulties of one sort or an- 
other arise, or unless the coating on 
the interior of the mains, standpipes, 
etc., is carefully examined, their pres- 
ence may go undetected for years. 


These water slimes, or organic de- 
posits, usually consist of mucilaginous 
mixtures of capsulated bacteria, vari- 
ous forms of iron, aluminum, and 
manganese bacteria, together with 
higher forms of micro-organisms 
which may abound in the water it- 
self. 





Chlorination Can Reduce Pipe Line Friction 


A report on experience using intermittent chlorine treatment 


by JOHN A. FULKMAN 


Cons. Engr., Consoer, Townsend & Associates, Chicago, Ill. 


THIS is a summary report of tests conducted to de- 
termine friction loss of head in two new water supply 


pipe lines, before and after chlorine treatment of the wa- 


TABLE | 


Data on Pipe Lines Carrying DesPlaines River Water 


ter. One of these pipe lines carries raw water from the 
DesPlaines River, and the other line carries water from 
the Kankakee River. Tests were made in March, 1953, 
before chlorine treatment, and in December, 1953, after 
chlorine treatment 

Chlorination of the water was started in June 1953 
and has been continuous to the present time. Intermit- 
tent chlorination has been found successful. The rate of 
chlorine application is approximately 50 pounds per 
million gallons for 7 minutes during each 2 hours. 

[he water supply pipe lines are welded steel, 42-in. 
inside diameter, and have a bituminastic lining. The 
pipe lines have been in service for more than ten years. 

Che DesPlaines River carries treated sewage efflu 
ent and drainage from the Chicago area. The pipe line 
supplying water from this river is 11,817 feet long, and 
includes several bends. The results of tests before and 
after chlorine treatment are reported in Table 1. 

[he second pipe line carries raw water from the Kan- 
kakee River. This river flows through a rather densely- 
populated area in Northern Indiana and Illinois, and 
is used for the public water supply of the City of Kan- 
kakee, Illinois. The pipe line on which tests were made 
is 20,278 feet long. The pipe line supplies water for use 
at a defense plant, and therefore the identity is not giv 
en. The results of tests before and after chlorine treat- 
ment of the second pipe line are given in Table 2. 
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Loss of Head Approx. "C" 
Feet Per 1000 Value (Williams 
Feet of Pipeline & Hazen) 


Flow Loss of Head 
Gallons in 
Per Minute Feet 


(Determinations in March, 1953, Before Chlorine Treatment) 
25900 53 4.48 92 
13200 15 1.27 93 

37 3.13 92 


ninations in December, 1953, After Chlorine Treatment) 
30 2.54 130 
10 0.85 130 
18 1.52 130 





TABLE 2 
Data on Pipe Lines Carrying Kankakee River Water 


Loss of Head Approx. "C" 
Feet per 1000 Value (Williams 
Feet of Pipeline & Hazen) 


Flow Loss of Head 
Gallons in 
Per Minute Feet 





Determinations in March, 1953, Before Chlorine Treatment) 

4700 23 1.14 itt 
20300 40 1.97 tt 
24400 59 2.91 it! 
{Determinations in December, 1953, After Chlorine Treatment) 
18000 27 1.33 125 
20000 33 1.62 125 
24400 47 2.30 125 








Increasing Well Capacity with Calgon 


by LOUIS R. CAPLAN 


District Representative, Parr Engineering Co., Washington, D. C. 


CONSISTENT and economical 

supply of water is an essential to 
every municipality and industrial 
plant. Frequently new sources of sup- 
ply must be developed to meet needs 
of expansion or relocation—and al- 
ways realization of the full potential 
of the water supply is desired. 

Water sources are varied but gen- 
erally fall into the two classifications 
of surface supplies and ground or 
well water supplies. Here we wish to 
consider a means (1) of helping new 
wells to produce at the maximum 
output consistent with practical limi- 
tations of draw down and pump ca- 
pacity, and (2) of rehabilitating old 
wells which have dropped off in pro- 
ductive capacity. 

Depletion or limitation of the out- 
put of a well may be the result of 
mechanical failures—in which case 
appropriate repairs are, of course, in- 
dicated. More frequently, however, 
the loss or lack of capacity is caused 
by plugging of the screens or the wa- 
ter bearing strata around the well 
with minerals deposited from the wa- 
ter, with natural clays, silt, iron 
oxide or calcium carbonate, or by 
iron bacteria and slime forming or- 
ganisms. To solve this problem a pro- 
cedure has been developed for clean- 
ing wells using the glassy phosphate, 
Calgon. 


Properties of Calgon 


Calgon is a phosphate glass pro- 
duced by a thermal process from soda 
ash and food-grade phosphoric acid ; 
it contains not less than 67 per cent 
P,O;5. Calgon is essentially neutral 
having a pH of 6.7 to 7.0 in 1 per cent 
solution. It is generally used in water 
works practice in a form having the 
appearance of small flat platelets 
similar to broken window glass. 

Calgon has many unusual proper- 
ties which have led to its widespread 
use in water treatment. Probably the 
property most familiar to water works 
engineers and operators is the adsorp- 
tion of the glassy phosphate on the 
surfaces of metals and their oxides 
and salts. This is the basis for the 
uses of Calgon known as “Threshold 
Treatment,” which include preven- 
tion of the precipitation of calcium 
carbonate or lime scale’ and the for- 
mation of thin phosphate films on 
metal surfaces to control corrosion.” 
This property, combined with the 


complexing and dispersion abilities of 
Calgon, makes it possible to prevent 
the precipitation of dissolved iron in 
iron-bearing water supplies.* 

Now, in making available an effec- 
tive agent for cleaning wells, another 
striking characteristic of Calgon is 
applied in the water works field. One 
of the fundamental properties of the 
glassy phosphate is its pronounced 
ability to disperse finely divided metal 
oxides and salts, including calcium 
carbonate, clays and similar mate- 
rials.* This action of Calgon is easily 
demonstrated. 


Dispersal Action Demonstrated 


In Fig. 1 it will be noted that the 
55 per cent calcium carbonate slurry 
in the left beaker shows no flow when 
inverted. The beaker on the right, 
however, shows good flow from a 70 
per cent calcium carbonate slurry 
which is treated with Calgon. This 
fluidity is caused by the dispersing 
action of the glassy phosphate ad- 
sorbed on the calcium carbonate 
particles. 

Fig. 2 gives a striking picture of 
the effect of Calgon on iron oxide. 
Prior to taking the picture, identical 
amounts of iron oxide sludge were 
placed in three graduated cylinders 
and made up to volume with water. 
To the second graduate was added 
500 ppm of Calgon and to the third, 
1000 ppm. No Calgon was added to 
the first cylinder. After thorough 
shaking, the cylinders were allowed 
to stand about two hours before the 
picture was taken. In fact, the iron 
oxide in the untreated sample settled 
to the bottom in only a few minutes 
time whereas that in the Calgon- 
treated cylinders remained in suspen- 
sion after 24 hours. 


The dispersing action of Calgon 
has been applied to the deflocculation 
of clays and pigments in the paper, 
ceramic, and paint industries; selec- 
tive flotation of ores; and in oil field 
well drilling muds. 


Well Cleaning by Dispersal 


But what has this to do with well 
cleaning? Let us consider the sub- 
stances which cause the plugging and, 
therefore, restrict the capacity of 
wells. These include not only sub- 
stances deposited from the water such 
as calcium carbonate and iron oxide 
but also clay, silt, and various in- 
organic minerals present in the 
strata. Typical constituents of sus- 
pended matter removed by well clean- 
ing operations are shown in Table 1. 

Reference to this table indicates 
substances of the type that are dis- 
persed by Calgon.® It is notable that 
although some of these minerals, such 
as calcium carbonate and iron oxide 
or carbonate, could be dissolved by 
acid most of them would not have 
been affected by acid treatment. This 
confirms carefully observed field re- 
sults indicating that the glassy phos- 
phate is one of the most effective 
agents yet developed for restoring 
capacity of those wells in which 
screens or the aquifier around the 
well have been plugged by mineral de- 
posits. In most cases the glassy phos- 
phate treatment produces results su- 
perior to those obtained with inhib- 
ited acid. 


Calgon Treatment Method 


The procedure for cleaning wells 
with Calgon is a relatively simple one, 
and has been well standardized for 
application to most types of wells. A 





Table 1 


SUSPENDED 


Well Location Major Constituents 
Chemical plant (southern 
Illinois 

Well No. 1 

Well No. 2 

Well No. 3 

Well No. 4 

Well No. 5 
Industrial plant (near 


(Amorphous silica 

Hydrated ferric oxide 

Iron carbonate, calcium phosphate 
Calcium carbonate 

Quartz 


Quartz 
Quartz, amorphous 
Hematite, hydrated iron oxide 


silos 


Well No. 3 


Municipality (Illinois 
Ist flushing 
2nd flushing 


Quartz 


MATTER FLUSHED FROM 


WELLS 


Minor Constituents 


Caleium phosphate, hydrated ferric oxide, cal 
Calcium carbonate, calcium phosphate 
Feldspar, calcium carbonate, calcium sulfate 
Ferric oxide, feldspar l 


quartz, calclum phosphate 
Ferric oxide, silica, caleium carbonate and phosphate 


Particles of clay, ferric oxide (sulfide odor) 
Hematite 
Magnetite (sulfide odor 


sulfate-reducing type 


many bacteria present. including 


Magnesium silic ate caleium « urbonate ferric oxide 


Magnesium silicate, calcium carbonate Ferric oxide, quartz 
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Fig. 2—-EFFECT on iron oxide sludge. Un- 
treated sludge in water (left) settle rap- 
idly. Sludge treated with 500 ppm of Cal- 
gon (center) or with 1000 ppm (right) 
remains dispersed for 24 hours. 


s not unusual for wells cleaned 
develop capacities 
At one Mid 
original 
Was 


Calgon to 
in when new 
n unicipality, the 
new well 
down but 


pacity Of a 
r foot of draw 
| sharply after only a year 

\cid cleaning restored 
\lthough doubt 
the mu 


to try 


| capacity 
rthet improvement 


orities consented 


glassy phosphate (One 
»f 200 pounds of Calgon plus 

ite was and surging 
ried out for only 24 hours. 
ific capacity increased to 40 gpm 
foot of draw down—a 100 per 
ncrease over that when the well 
new. Material for Calgon 
is only $35.00, compared 


used, 


cost 

yf the first cleaning us- 
Vv illons of acid 

Maryland plant depends for a 

of its supply on a well water 

lissolved iron content, con- 

varying between 20 and 

e use of air lift pumping 

I] quite expectedly pro 

id plugging with iron oxide 

1 reduction of output. 

mechanical cleaning at about 

intervals had been re 

means of restoring 

ad never produced a 

higher than 90 gpm, whereas 

well 


rated capacity of the 

pm 
ifter a 14 month period 
ration following the last me 
uical « had resulted in 
reduction of capacity to 4 gpm, it was 
the well 


Che 


cleaning 


leaning 
to chemically clean 
and hypochlorite, 


and 


‘aleon 


chemical charge 


procedure increased capacity to only 


20 gpm. However, a total of four 
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charges were used and checks after 
each period indicated successive im- 
provement to 70 gpm after the second 
charge, 110 gpm after the third, and 
finally after the fourth charge an out- 
put of 153 gpm was obtained. This 
cleaning procedure not only produced 
better results than mechanical clean 
ing and an output exceeding initial 
rated cent, but 
proved economical in outage 
and in labor and ma 


capacity of 13 per 
more 
time, costs of 


terial. 


Reduced Pumping Costs 


Not insignificant are the savings in 
pumping costs resulting from clean 
ing wells with glassy phosphate. A 
well in New Mexico had a draw down 
of 290 feet when pumped at 250 
gpm. Calgon cleaning increased the 
specific capacity by approximately 75 
per cent in one treatment. 
tion in pumping head amounted to a 
saving of about 135 kilowatt hours 
per day, which at two cents per kilo- 
watt hours adds up to a saving of 
about $1000.00 per year. 

\t an industrial plant operating 
eleven wells, with concrete 
casings, the glassy phosphate cleaning 
procedure was applied by one plant 
engineer after trying acid to check 
rapid loss of well capacity. The acid 
procedure was found to be expensive 
and cumbersome, and some concrete 
wells were damaged. On one of these 
wells, having a specific capacity of 14 
gpm per foot of draw down, acid 
cleaning brought the output up to 
100 gpm. Subsequent cleaning with 
Calgon shot the output up to 1200 
gpm, which corresponded to a specific 
capacity of 30 gpm per foot of draw 
down. The rehabilitation program at 
this plant increased total capacity of 
the eleven wells from 6446 gpm to 
8657 gpm—a 34 per cent gain—while 
reducing draw down by 21 per cent. 
The corresponding reduction of 9.2 
per cent in total pumping head accom- 
plished appreciable savings in pump- 


ing costs. 


Calgon Method and Shallow Wells 


some 


We have thus far reported only 
on the cleaning of deep wells. It is 
noteworthy that with slight modifica- 
tions, this cleaning procedure has 
been applied successfully to large 
diameter relatively shallow wells. In 
New England, large diameter wells 
have been cleaned by sealing and by 
providing necessary agitation using 
compressed air. 

On other large diameter wells it 
has been found necessary to sink a 
series of well points around the peri- 
phery of the well, and thus to recircu- 
late the solution of Calgon 


strong 


Phe reduc-— 


Hv) ah 








"an 


cial ~ 


| 


a Tle 


Lane BY 
a-ak 
Fig. 3—SURGING step in well treatment. 


Vertical pipe is needed when standing wa- 
ter level is high. 


through the strata. Using this method 
it has been possible to clean a porous 
concrete well 4 feet in diameter and 
only 30 feet deep that could not be 
surged with compressed air because 
the casing was made in 4 ft. sections 
that would not stand surging pres- 
sure, Original fears that pumping of 
the turbid wash water through the 
strata would result in plugging due 
to filtering action were proven un- 
grounded by the 85 per cent increase 
in Capacity. 


Summary 


The dispersive effect of the glassy 
phosphate Calgon on those substances 
which most frequently plug well 
screens and the surrounding strata, 
makes available a most effective agent 
for cleaning wells. The method is 
simple and is generally applicable to 
all types of wells. The chemicals re- 
quired are readily available, safe to 
handle and low in cost. The proceed- 
ure is useful to help develop new 
wells or to restore capacity of old 
wells. 
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Fig. 1—DISPERSAL ACTION of Calgon. The 55% slurry of calcium carbonate in water 
(left) will not flow, but a 70% slurry when treated with Calgon (right) flows readily. 


solution containing Calgon and hypo- 
chlorite, in amount depending on the 
volume of the casing, is poured into 
the well. The hypochlorite is in- 
cluded to alleviate any plugging 
caused by iron bacteria or other 
micro-organisms. 

Generally, between 15 
pounds of Calgon, and one to 
pounds of hypochlorite are used for 
each 100 gallons of water in the well 
under static conditions. 

With the pump and all other equip- 
ment left in place, the chemicals are 
allowed to remain in the well for 24 
to 48 hours. During this period the 
pump is turned on and off 10 or 12 
times at frequent intervals for surg- 
ing. Fig. 3 illustrates the addition of 
a vertical pipe to permit surging a 
having high standing water 

If surging is not possible or 


and 30 
two 


well 
levels 
desirable, equally good results usually 
can be obtained without surging by 
allowing the Calgon charge to re 
main in the well for at least one week. 
The surging distributes the chem 
icals and also produces agitation 
which helps the Calgon loosen and 
After the last 
surging the well is flushed thoroughly 
Che entire pre cedure should 
until no appreciable 
further improvement is noted. Nor 
mally two or three charges are sufh 
cient for a thorough cleaning. 
Generally speaking the greatest im 
provement in well capacity is ob- 
served after the first The 
charge should, however, be repeated 


disper se the deposits. 


of waste 
he repeated 


1 
cnarge, 


for check purposes. There have been 
cases of wells cleaned with Calgon 
that did not respond until the third or 
fourth charge of Calgon was applied 
Some wells have required as many as 
five charges to produce optimum re- 


sults. The reason for more than one 
cleaning is that Calgon is relatively 
slow acting compared with acid and 
frequently requires considerable con- 
tact period before it starts to loosen 
the cementing material. 

Calgon treatment does not solve all 
well troubles. Obviously, mechanical 
failures or general depletion of the 
underground reservoir are respon 
sible for loss in the production of 
some wells. Although it is rare, one 
may encounter wells plugged by sand. 
Calgon will not remove the larger 
particles of fine sand, although fre- 
quently it is found that after Calgon 
cleaning the sand has been loosened to 
such an extent that back-pumping 
will back the sand away from the 
screen and out into the formation. As 
far as is known, the only remedies 
for sand-plugged wells are bailing and 
mechanical removal. 


Reports of Experience 


Field experience in cleaning wells 
with Calgon has been extensive and 
the treatment has been effective for 
80 to 90 per cent of all wells cleaned 
to date. This is an excellent record, 
particularly when it is considered that 
Calgon has been tried many times 
when the difficulty was actually due 
to dropping water tables or mechan 
ical failure. 


Concrete Wells Retain Capacity 


The first reported use of Calgon 
for cleaning wells was in 1943.® This 
application at a mid-west refinery was 
undertaken in an effort to find a 
means of cleaning a porous concrete 
well where acid cleaning would not 
be feasible. 
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Calgon treatment of this and 
twenty other wells at the same loca- 
tion effectively solved the problem. 

The glassy phosphate is quite harm- 
less to either concrete or metal during 
the contact period employed so that 
cleaning could be carried out with 
pumps and other equipment in place. 
Calgon proved to be safe to handle 
and no dangerous fumes or 
were generated by its use. Little su- 
pervision was found necessary when 
using glassy phosphate in well clean- 
ing, and the chemical and labor costs 


gases 


were low. 

These factors, together with the 
returning of all but a few wells to 
original installed capacities, prompted 
this refinery to establish a routine 
program for periodically cleaning all 
wells at intervals dependent on the 
rapidity of increase in draw down. 
Indications are that this procedure 
will prolong indefinitely the life of 
wells which previously had produced 
for only about five years. 


Increasing Yield of Industrial Wells 


At a Baltimore industrial plant, 
two wells have been cleaned success- 
fully with Calgon. The first, a well 
less than a year old, originally met 
the guaranteed flow of 225 gpm only 
after acid treatment by the well 
driller. Nine months later, with pro- 
duction having fallen off to less than 
150 gpm, the well was treated with 
Calgon. After cleaning, the output of 
the well increased to 275 gym without 

exceeding output at the 
initial 225 gpm rate. This well has 
produced 250 to 275 gpm of water for 
almost two years without increased 
drawn down and, in fact, can be 
pumped at a 300 gpm rate without 
dropping the level close to the top 
of the pump bowls. 

[he second cleaning job at this 
plant was done on a well approxi- 
mately ten years old that had been 
acid cleaned previously. On this well, 
the output had decreased below 200 
gpm and was returned to the original 
rate of 330 gpm after cleaning. Re- 
sults on a third well at this plant have 
been discouraging after two charges 
were applied. 


draw down 


Municipal Well Treatment 


\n Ohio municipality has recently 
reported cleaning a 140 foot well hav 
ing a 10 inch casing. Tests made be 
fore and after cleaning have indicated 
an increase in pumping rate from 
about 250 gpm to about 318 gpm, 
while the draw down decreased from 
13.5 feet to 7 feet. This means that 
the specific capacity in gpm per foot 
of drawdown increased from 18.4 to 
45.5—an improvement of 147%. 
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R. D. COLE MANUFACTURING CO. 


Newnan, Georgia 


ELEVATED STEEL TANKS, TOWERS, STANDPIPES, VESSELS. 


Established 1854 


5,000 TO 2,000,000 GALLON ELEVATED 
WATER TANKS 
This company has developed a complete line of 
Elevated Steel Tanks for water supply—both for 
domestic service and sprinkler requirements—rang- 
ing in capacity from 5,000 to 2,000,000 gallons. 
Their designs include the standard hemispherical 
self-supporting bottom, shallow-depth, Cole “Ova- 
". spherical tank on tubular tower, standpipes, 
and many individual styles 
involving architectural treat- 
ment to satisfy local con- 
ditions, or to provide special 
shapes for advertising pur- 


pt mses, 


STORAGE TANKS 


Pressure tanks for storage 
of gas from digesters at sew- 
age disposal plants, so that 
excess output at peak loads 
can be used during off-peak 
periods. Chemical storage 
tanks, hot water storage 
tanks, tanks for bulk storage 
of oil and gas. 


W.&S.W.—RErEeRENcE & DaTa—1957 








OTHER PRODUCTS 

Other Cole products include tanks, pressure ves- 
sels, measuring tanks, processing equipment, lumber 
treating cylinders, etc., of aluminum, stainless and 
carbon steels and alloys, built to ASME Code speci- 
fications to meet all insurance requirements. 


OVER A CENTURY OF EXPERIENCE 

Established in 1854, this Company has been sup- 
plying American communities and industry with 
metal tanks, vessels and structures for more than a 
century. Cole elevated tanks are correct in design. 
Their simplicity contributes to their low cost of 
maintenance. Sprinkler tanks and equipment are de- 
signed to incorporate the recommendations of all in- 
surance authorities. 


A large and experienced engineering department is 
at the service of prospective customers to assist in 
solving their problems. Send us your inquiry, stating 
capacity, height to bottom and location. Write for 
booklet, “Tank Talks.” 





T# ELEMENTS of a complete dis- 
- tribution system include distrib- 
uting reservoirs, conduits or trans- 
mission mains, and pipe lines. Acces- 
sories to a distribution system include 
booster stations, valves, hydrants, 
main line meters, and service con- 
nections. 

The importance of distribution sys- 
tems is indicated by these facts: Pipe 
lines in water works handle a greater 
tonnage per day than any other trans- 
portation system; approximately 66 
per cent of the total value of water 
works is in the distribution system; 
approximately 80 per cent of the dis- 
tribution system value is in mains 
and valves. 


Distributing Reservoirs 


The functions of distributing reser- 
voirs are to: Equalize hourly or daily 
flow; provide and maintain desired 
pressure in remote areas; and to 
provide emergency storage for fire 
protection purposes. Distributing 
reservoirs also permit equalization of 
pumping heads, economies of con- 
struction, economies of operation, and 
reduction of pressure fluctuations. 

Distributing reservoirs may be of 
steel, reinforced concrete, earth or 
wood and may be located at or below 
ground level (ground storage) or 
above ground level (elevated stor- 
age). Elevated storage may be in 
tanks or standpipes. 

Distributing reservoirs are located 
at a point near the center of con- 
sumption, near areas where improved 
pressure is needed, on high ground, 
and on a site that gives greatest ad- 
vantages for lowest construction 
costs. 

The capacity of distributing reser- 
voirs depends on maximum rate of 
consumption, maximum pumping ca- 
pacity, minimum safe yield of source 
of supply, and fire flow requirements. 
Reserve storage for fire protection 
emergency must be provided if pump- 
ing capacity is not sufficient to meet 
requirements for fire flow set by Nat. 
Bd. Fire Underwriters. Reservoirs 
float on the system. When pumps op- 
erate at average rate, storage tanks 
fill or empty depending on whether 
or not the rate of consumption is 
above or below the pumping rate. 


Conduits and Transmission Mains 


Water from a supply source or 
pumping station travels to a distri- 
bution net work by gravity in con- 
duits or open channels or in pressure 


DISTRIBUTION 


lines termed transmission mains. 

Gravity conduits may be canals, 
flumes, or aqueducts. Pressure lines 
may be cast iron, steel, reinforced 
concrete, or wood stave. Transmis- 
sion lines are located to take the 
shortest route possible. Pressure lines 
should avoid peaks and depressions. 
The size should be based on estimated 
capacity 25 years in the future. Twin 
lines are frequently used as a protec- 
tion in case of failure and to allow 
cleaning. 


Pipe Line Materials 


Materials used in distribution sys- 
tems include cast iron in all sizes, 
reinforced prestressed concrete (gen- 
erally in larger sizes) asbestos-cement 
(generally below 24 in.), steel (gen- 
erally larger than 36 in.) and wood 
stave (mainly for irrigation, and in- 
dustrial supplies). 

As a protection against corrosion, 
metal pipes are lined, either with a 
coal-tar-pitch varnish (bituminous 
tar) or cement lining added during 
manufacture or in place. 

Joints for pipe depend on the type 
of pipe. Cast iron pipe may be bell 
and spigot, flanged, universal, me- 
chanical, or flexible ball joints. Con- 
crete uses a rubber ring and offset 
joint forced together under tension. 
Asbestos-cement pipe uses a rubber 
ring on a tapered end with the joint 
covered by a sleeve which holds the 
rubber ring under compression. Bell 
and spigot joints are sealed with lead 
or sulfur joint compounds poured 
hot against a packing ring of jute, 
braided paper or rubber. 

Fittings include curves or ells 
(22%, 45, and 90 deg.); reducers, 
tees, wyes, crosses, and sleeves. 


Network Systems 


The distribution system consists of 
three parts: Supply mains, (also 
termed transmission mains) carry 
water from source or pump station 
to sections of a city. Arterial mains 
are secondary feeders connected to 
supply mains. Minor distributors 
make up the gridiron between the 
arterial mains and supply both do- 
mestic consumers and fire hydrants. 
The location and sizing of mains de- 
pend on the area to be served, the 
number of customers, the required 
fire flow for the area, number of 
fire hydrants. 

Booster stations consist of pumps 
which take water from a supply main 
and discharge it at a higher pressure 


at another point in the line. Booster 
stations increase line pressure in out- 
lying areas when head loss is too 
great in the line. They may be op- 
erated in connection with elevated 
storage tanks and are controlled either 
by pressure or by a combination of 
flow and pressure (Pressureflo). 


Valves and Hydrants 


Valves are located on all branches 
from feeder mains and between minor 
distributors and hydrants. They 
should be placed at least every 1200 
ft. on arterial mains and minor dis- 
tributors and at lesser distances in 
high value areas. 

The types of valves used on dis- 
tribution lines include butterfly 
valves, cone valves and gate valves. 
Check valves are automatic valves 
that allow water to flow in one direc- 
tion only. Back flow preventers are 
special types of check valves used 
in cross connections between domestic 
and industrial supplies. Altitude 
valves in elevated storage tanks to 
control flow into or out of tank de- 
pending on line pressure and water 
level in the tank. 

Hydrants for fire protection serv- 
ice are located according to area to 
be served, population, district value, 
length of fire hose that can be served, 
and method of obtaining required fire 
pressure. Types of hydrant most com- 
monly used has two 2%-in. hose out- 
lets and one 4-in. pumper outlet. 
They are located from 2 to 6 ft. from 
the curb. 


Meters and Services 


Main line meters ( Venturi tubes, 
Dall Flow Tubes, propeller meters) 
are used to determine flow of water 
entering the distribution system or at 
points of interconnections. They 
should have high accuracy and low 
head loss. 

Services are small pipes which con- 
nect the street mains to the con- 
sumer’s house. They are usually 4 
to 1%4-in. in diameter and may be 
of galvanized iron, copper, lead, or 
plastic. Service meters are the cash 
register of a water works; they may 
be owned by the utility or by the 
consumer ; they should be checked at 
regular intervals of 5 to 7 years, 
oftener if readings appear unusual. 

Operators of a distribution system 
meet many problems such as fire 
rating, fire flow, pressure, main siz- 
ing, main laying, tapping, hydrant and 
valve maintenance, leak surveys, etc. 
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Peak Demand Storage’ 


by GEORGE 6G. SCHMID 


careful study of local condi- 


quires 

tions. Records of peak day and peak- 
hour consumption provide the best 
basis for such a decision. If no such 


records exist, the next best practice 
is to make an approximation based 
upon the records or data available for 
the specific community or for nearby 


communities with similar problems. 
In this regard, caution is advisable, 
however, and fast gen- 
eral rules cannot be applied to every 
situation. Each community has its 
characteristics—topography, 
water main Ca- 


1 


because ard 


own 
street layout, existing 
pacities and locations, 
ply and treatment, density of 
neighborhood 


sources of sup- 
popu- 
characteristics, 
and many other factors—which make 
it necessary that we develop and de- 
around the specific needs 
under 


1’ 
lation, 


sign storage 
of the area or communities 
consideration. 

The system now be ing constructed 
by the Southeastern Oakland County 
Water Authority will be used as an 
example. Under this system treated 
water will be purchased from the city 
of Detroit and repumped through 
several booster into trans- 
mission mains of the Authority. From 
these the water will be metered into 
distribution mains of the several con- 
stituent Both elevated and 
ground storage w ill be used. This sys- 
an ex- 


stations 


cities. 


tem can be likened to that of 
panding suburban area containing a 
number of distribution systems which 
must be coordinated to function as a 
unit. 


Design Specifications 

In the design of the Authority sys- 
tem, the minimum storage capacity 
was based on the difference between 
the amount drawn from the Detroit 
water system (at a rate equal to the 
average demand for the peak day) 
and that required to meet the peak 
hours. The system, which is designed 
to fill all needs until 1970, will have 
instrumenis to record the peak hours ; 
these records will later be used to ad- 
just the original estimates. 

Using a 1952 peak-hour day, the 
minimum controlled storage was de- 
termined to be approximately 26 per 
cent of the total daily requirement 
(estimated, at the start of operation, 
as 200 gallons per capita). The data 













used at this time were not complete, 
being composite data from seven com 
munities and in various 
compilation. Most of the communities 
had enforced sprinkling restrictions 
and it was never definitely known 
how severe the peak hour might be if 
unrestricted sprinkling (which was 
desired) were allowed. Later, addi- 
tional records made in 1954 were 
used to estimate a peak day for 1956, 
at which time the entire system will 
be in operation. Table 1 was pre- 
pared on this basis and shows the 
estimated hourly consumption for the 
peak day. The differences between 
each hour’s consumption and that of 
the average hour (in both percentage 
and gallons) and hourly cumulative 
totals are also shown. 

As indicated in the table, the total 
estimated peak-day consumption for 
1956 is 26.4 mil gal with an average 
hour of 1.1 mil gal, and a peak hour 
(8-9 p.m.) of 2.19 mil gal, almost dou- 
ble the average hourly consumption. 
\verage-day consumption, for the 
entire year, was estimated at 12.96 
mil gal, or 0.54 mil gal per hour; and 
for the summer months alone at 17.04 
mil gal, or 0.71 mil gal per hour. 

The booster stations and transmis- 
sion mains of the system are designed 
to deliver a constant output over a 
24-hr period based on the estimated 
peak-day rate for 1970, which is 
about 42.3 mgd, with sufficient stor 
age, both elevated and ground, to 
provide the additional output required 
for the peak hours. The controlled 
storage capacity will provide the 
additional amount of water needed to 
meet the peak hours of the constitu 
ent municipalities while they are also 
drawing from the Authority system 
at a rate equal to the average demand 


stages of 


for their peak days. The constituent 
municipalities will be responsible for 
improving their own distribution 
mains so that they are of sufficient 
capacity to distribute the water prop- 
erly to local consumers. 


Minimum Storage Needs 


According to this design, the mini- 
mum storage required to meet the 
peak hour in 1956 is shown in Col- 
umn 4, Table 1. The total of those 
figures which indicate hourly con- 
sumption in excess of the average is 











6.44 mil gal, roughly 25 per cent of 
the total peak-day consumption of 
26.4 mil gal. This percentage, which 
agrees very closely with that of 26 per 
cent established for the peak day in 
1952, is represented by the shaded 
area in Fig. | 

Another method of determining 
this volume has been described by 
John E. Kiker Jr., Professor of Civil 
Engineering, University of Florida, 
Gainesville, Fla.’. Figure 2, which 
shows the amount of storage required 
using this method, with the 
previous determination. In the prepa- 
ration of Fig. 2, the accumulated to- 
tals Column 6, Table 1, 
were used. 

If, after the 


agrees 


shown in 


system is placed in 
service, it becomes evident that the 
amount of cannot meet the 
peak-hour needs, additional storage 
facilities will be provided. As indi- 
cated, the controlled storage require- 
ment for the summer of 1956 will be 
about 6.44 mil gal. At this time, the 
\uthority and its constituent munici 
palities will have 12.5 mil gal in stor- 
age, or about twice as much as the 
estimated demand. With such a mar 
gin, there should be sufficient time 
to forecast any future needs. Addi- 
tional storage, in the form of another 
1.0-mil gal elevated tank, is planned 
for 1960—or before, if required. 

Using the peak-day pumping rates 
to produce a uniform quantity of wa- 
ter and supplementary storage to 
meet the peak-hour needs was con- 
sidered the best pre cedure for the Oop- 
erating conditions of the Authority 
system. The method of deduction used 
is not necessarily a general rule to 
he followed by others with like prob- 
other propor 
may The best re 
sults are obtained when the peculiar 
needs of the community in question 
carefully studied. Each sys- 
tem may have special characteristics 
or conditions which affect its peak- 
hour storage requirements ; and what 
may be ideal for one community may 
be unsatisfactory for another. 


storage 


lems: percentages or 


tions be necessary 


are very 


Pumping-Rate Variations 


To illustrate how a change in the 
pumping rate may affect storage re 
quirements, Fig. 3 was prepared. This 
simple line graph shows the relation- 
ship between the percentage of stor- 
age required and the maximum rate 
that the system will produce under 
different pumping conditions. As pre 
viously stated. the Authority 
pumping at 100 pet cent of the peak 
day rate will require about 25 per 
cent If it were possible to 
pump at 140 per cent of the peak- 
day rate, for example, 6 per cent (or 


system 


storage 


1.6 mil gal) of storage would be 
needed; and if it were possible to 
pump at the average summer-day 
rate, which is about 65 per cent of the 
peak-day rate, then storage of about 
46 per cent (or 12.13 mil gal) would 
be required. To go to an impossible 
extreme, if the plant were to pump at 
the average-day rate, which is about 
49 per cent of the peak-day rate, 
storage of about 56 per cent, or 14.86 
mil gal, would be required. 

In the design of storage for the Au 
thority system, existing local condi- 
tions were given highest considera 
tion. The total storage capacity pres 
ently owned by the Authority (in- 
cluding its constituent municipalities ) 
is 3.0 mil gal in elevated tanks. Now 
being added for use in 1956 is an- 
other 2.0 mil gal in elevated tanks 
and 10 mii gal in ground storage. If 
elevated storage is assumed to be 50 
per cent effective in meeting peak 
hour then the total available 
amount of effective in 1956 
will be 2.5 mil gal in elevated tanks 
and 10 mil gal in a ground reservoir, 
or 12.5 mil gal in all. When the addi 
tional 1.0-mil gal elevated tank is in 
stalled in 1960, the total storage ca- 
pacitv will be about 30.5 per cent of 
the desion maximum-day (42.3) for 
1970. which compares favorably with 
the 25 per cent estimated for 1956 
Of this total. the effective elevated 
storage of 3.0 mil gal represents 7 
per cent, and the ground storage of 
10.0 mil gal nearly 24 per cent, of 
the design maximum-day requirement 
of 42.3 mil gal. 

To summarize, the total storage in 
the svstem is about 30.5 per cent of 
the desiened maximum-day require 
ment: of this. 23 per cent is in ele 
vated tanks. 77 per cent in ground 
storage. At present, it is believed that 
proportions are reasonable, 
thev are based upon the best 
data available at the time of design. 
It should be remembered, however, 
that certain information (such as the 
actual severity of neak loads) was not 
obtainable. Sprinkling regulations in 


needs 


storage 


these 


since 


the several municipalities varied 
widely : in some, sprinkling was per- 


mitted on alternate days: in others, 
not at all. In spite of these factors. 
the design storage is considered ade- 
quate both present and. future 
needs, with some allowance for con 
tingencies and variations from the 
original design data. 


for 


General Criteria 

Some of the factors in the selec 
tion of the storage in the system de 
scribed will be compared with the 
general considerations of storage. No 
specific rules or conditions will he 
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defined, for each system has its own 
peculiarities and requires individual 
study. Determining the type and vol- 
ume of storage best suited to a par- 
ticular system depends as much upon 
practical considerations as it does up- 
on the performance of routine calcula 
tions and assumptions based on rigid 
rules and formulas. 

In the Authority system, the vol 
ume of storage was determined to be 
the additional amount of water re- 
quired to meet the peak hours while 
drawing from the source at a rate 
equal to the average demand for the 
peak day. It is worth repeating that 
it would be naive to assume that the 
ratios and percentages used here could 
be employed as a general rule for 
other systems The use of peak-hour 
storage to level peak-day demands, 
however, may have general applica- 
tion, 

Storage in sufficient quantity pro- 
vides a reserve for shutdown and 
fire fighting. It is a means of increas 
ing the capacity and serviceability of 
water systems which local develop- 
ment and expansion have made in- 
adequate. Properly located storage 
will reinforce the weak sections and 
level the load. 

To produce at a greater pumping 
rate than the peak-day average may 
necessitate larger transmission and 
distribution mains and greater in- 
vestment in booster stations and con- 
trols for limited use over the year. 
If a system with even a minimum of 
storage is supplied by mains that are 
not adequate to meet the demand of 
the peak hour, there will be a drop in 
pressure and additional pumping 
equipment will be required. 

To produce at a lesser pumping 
rate than the peak-day average, on 
the other hand, requires costly addi 
tional storage. In the system de- 
scribed, had the production rate been 
made equal to the average-day re 
quirement for the summer, the de- 
signed storage would have been 20 
mil gal, or 7 mil gal additional. (This 
amount in ground storage would have 
cost $360,000.) Had the production 
rate been made higher than the peak 
day for the year, however, and the 
volume of storage decreased, it might 
have required day-to-day storage 
without an unsatisfactory 
condition, 


reserve 


\ safe procedure, other factors be- 
ing equal, is to determine the capaci- 
ty of low-lift pumps and treatment 
facilities by the maximum-day de- 
mand, and the capacity of booster 
pumping and storage by the maxi- 
mum-hour demand 

In the absence of good records, as 
sumptions must be made. As a basis 


W.&S.W.—REFERENCE & DATA—1957 





Since 1893, Chicago Bridge & 

Iron Company has been designing, 

fabricating and erecting elevated 

steel tanks and many other types 

of steel plate work for municipal water systems 

throughout the country. These 64 years have 

been years of progress. Tank designs have been 

constantly improved to provide today’s pleasing, 
streamlined structures. 

Tanks for municipal service are built by Chi- 
cago Bridge & Iron Company in accordance with 
specifications of the American Water Works As- 
sociation. Four strategically located plants in 


& IRON COMPANY 


Birmingham, Chicago, Salt Lake City and Green- 
ville, Penn. are always ready to serve you. 


HORTON ELEVATED STEEL WATER TANKS 


Horton® elevated water tanks are designed 
to provide dependable gravity pressure in water 
distribution systems. They usually reduce pres- 
sure variations in the mains and often cut down 
pumping costs. 

We shall be pleased to submit estimating fig- 
ures or quotations on any of the types shown 
here. When writing please state capacity, height 
to bottom, range in head, location and shape or 
design desired. There is no obligation. 


ELLIPSOIDAL-BOTTOM WATER TANKS » 

Ellipsoidal-bottom elevated tanks are relatively 

large diameter and shallow depth. They are built 
with cylindrical columns and ellipsoidal roofs. 





Tank Dimensions 
Diameter Range 
36'0” 29°6” 
40°0" 29°0”" 
43°0" 30°0” 
46'0" 35'0" 
50°0” 37°6”" 


Gallons 
Capacity 
200,000 
250,000 
300,000 
400,000 
500,000 


Tank Dimensions 


Diameter Range 
22°0° 19'0” 
24'0”" 190” 
260" 21'0 
28°0” 24'0" 
30'0" 25'6” 


32°0" 27 6” 


Gallons 

Capacity 
50,000 
60,000 
75,000 
100,000 
125,000 
150,000 


¢ WATERSPHERES 


The smooth, streamlined Watersphere presents 
a pleasing appearance. All piping connections and 
ladders are located inside the supporting column 
to which access is provided by a door at ground 
level. The lower portion of the supporting column 
may also be used as a pumphouse. 


Capacity 
i 









































Capacity Diameter Diameter 
in of 
Sphere 
19’4” 
20°4” 
22’4” 
24'0” 
25'6” 


o 
Sphere 
27'4” 
30°0" 
34’0”" 
37'6” 
40'6” 


n 
Gallons 
75,000 
100,000 
150,000 
200,000 
250,000 


Gallons 
25,000 
30,000 
40,000 
50,000 
60.000 























4 WATERSPHEROID 


The modern, streamlined Waterspheroid® was 
designed to combine beauty and service. This el- 
evated water storage tank provides a dependable 
gravity pressure water supply in a functional, 
pleasing “package”’. 





Diameter 
of Tank 
516” 
59°0”" 
55'6” 


Gallons 
Capacity 
400,000 
500,000 
500,000 


Diameter 
of Tank 
45°3” 
47°0" 
53°0" 


Gallons 
Capacity 
250,000 
800,000 
400,000 


RADIAL-CONE BOTTOM WATER TANKS » 


A functional design that permits large capac- 
ity water tanks to be built with a relatively low 
range in head. They are pleasing in appearance 
and easy to maintain. 


























Tank Dimensions 
Diameter Range 
96'0" 
a38’0” 
112°0” 
102’0” 
114’0” 
117°0” 


Gallons 
Capacity 
1,500,000 
1,500,000 
2,000,000 
2,000,000 
2,500,000 
3,000,000 


Tank Dimensions 
Diameter Range 
60'4” 25’ 
74'3” 
67'6" 
86'0” 
78’0" 
716” 
104’0” 


Gallons 
Capacity 
500,000 
750,000 
750,000 
.000,000 
,000,000 
,000,000 
,500,000 











25’ 
30’ 
25’ 
30’ 
35’ 
25" 
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CHICAGO BRIDGE « IRON COMPANY 


HORTONSPHEROIDAL WATER TANKS 


Hortonspheroidal ele- Gallons Tank Dimensions 


vated tanks are modern, apart wuamest ; vanes 
attractive structures. 1'000.000 810” ry 
They are built in stand- hry 7 ae 

ard capacities of 1,000,- 2,500,000 117'0” 

000 to 3,000,000 gallons —°’ 1h’ 

and are supported either on two rings of cylindrical 
columns or one ring of cylindrical columns and a large 


central riser. 


WELDED STEEL RESERVOIRS 


CB&I builds welded steel reservoirs and standpipes in standard 
capacities up to 10,000,000 gals. and in special designs to specified 
capacities. Careful fabrication and erection assures long service life. 
Welded construction results in smooth tank surfaces which serve to 
simplify maintenance. 


PHOSPHORIC ACID PROCESS PICKLING AND PAINTING 


The Horton phosphoric acid process saves mainte- 
nance dollars and prolongs the life of steel plate struc- 
tures. It removes mill scale before shipment from our 
plants and helps provide a better bond between the 
prime coat of paint and the steel. Prime coat is ap- 
plied while metal is still warm from bath to insure 


better adherence. 


HORTON TRIPOD ELEVATED WATER TANK 


For economical gravity water pressure for fire pro- 
tection and general water service for small munici- 
palities, golf courses and other private water systems. 
Simplified, functional design provides low mainte- 
nance and painting costs—simple foundation. Built in 
capacities from 15,000 to 75,000 gallons. Standard heights to bottom 
—15 feet to 125 feet, depending upon capacity. 


HORTONSPHERES FOR DIGESTER GAS 


Hortonspheres® provide an economical means of storing sewage 
plant gas under pressure, and thus permit the gas produced in di- 
gesters to be utilized effectively. When the supply of digester gas 
exceeds demand, the surplus is pumped into the Hortonsphere. When 
the demand exceeds the supply, gas flows from the Hortonsphere to 
make up the difference. The entire shell of the Hor- 
tonsphere is accessible for inspection and painting. 

Hortonspheres are built in sizes up to 1,500,000 cu. 
ft. capacity. 


CONKEY SLUDGE FILTERS 


Over 2,000 tons of various sludges and industrial For QUOTATION: Chicago 
wastes (primary, elutriated digested, bio-chemical and | Bridge & Iron has designed, 
industrial) are daily dewatered on Conkey® Sludge | fabricated and erected all 
Filters. Every municipal and consulting engineer | types of heavy steel plate 
nenld be . d with the ad d bl j work for water and sewage 
shou acquainted with the advantages and trouble- gleaté Gesuabess the country. 
free performance of Conkey equipment, fabricated by When requesting quotations, 


Chicago Bridge & Iron Com any. we would appreciate receiv- 
° ° ’ i plans d specifications 
ing plans and specifications. 























PLANTS Birmingham Chicago Salt Lake City Greenville, Pa. 
SS ear 


SALES ATLANTA, GEORGIA HOUSTON, TEXAS SALT LAKE CITY, A i 
c . o 


iiss 7 Forsyth Street, N. W. (3) & 1 Life Building (2) Box 687 (10) 
INGHAM, ALABAMA nox 277 (1) NEW ORLEANS, LOUISIANA SAN FRANCISCO, CALIFORNIA 
BOSTON, MASSACHUSETTS P. 0. Box 7146 (19) 100 Bush Street (4) 
201 Devonshire Street (10) NEW YORK, NEW YORK SEATTLE, WASHINGTON 
CHICAGO, ILLINOIS 165 Broadway (6) 1318 Fourth Avenue (1) 
332 _S. Michigan Avenue (4) PHILADELPHIA, PENNSYLVANIA SOUTH PASADENA, CALIFORNIA 
CLEVELAND, OHIO 6 Penn Center Plaza (2) ...712 Fair Oaks Avenue 


101 Prospect Avenue, West (15) ~ 
DETROIT, MICHIGAN PITTSBURGH, PENNSYLVANIA TULSA, OKLAHOMA 
.. Ree : : 


m 907, LaFayette Building (26) : 425 Sixth Avenue (19) 6 Dowell Building (14) 
In Canada: Horton Steel Works Limited, Toronto 
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OFFICES 





GOLDEN-ANDERSON VALVE SPECIALTY COMPANY 


1232 Ridge Avenue, Pittsburgh 33, Pa. 


Cushioned Automatic Water Control Valves + Sizes 3” to 36” for pressures to 250 psi 
Angle or globe body patterns 


on SRS EB Red, 5 a oe on. -3 oe Ga 7. Se 3 


Bi 
& 


Ed 


Swing Check Valve 


Cushion chamber on 


side of body cushions 
only on last 5% of 


stroke, prevents any 
hammer or shock when 
closing. 


Bulletin W-1 


Electric Check Valve 
Opens only when pump 
comes up to speed, 
closes automatically 
with pump running 
and shuts down pump 
when 95% closed. 


Bulletin W-10 


PCeogen th 7-\ 0 an fe -2. ae © -O 8-2 Se oged. Ba tek Se 


Pn: Valve 


aintains water 
evel in elevated 
tanks within a 
v ariation of 3" to 
May be in- 

st alled under- 


ground. 


Bulletin W-4A 


Cold Water Float Valves 


Self-contained 
float maintains 
water level in 
tanks and reser- 
voirs within %” 
to 1” variation. 


Bulletin W-5 


Maintains liquid 
level control in 
open tanks, coag- 
ulating bins, etc. 
For high pressure 
service. 


Bulletin W-5 


SENSITIVE PRESSURE REGULATORS 


Surge Relief Valve 
Protects water lines 
against excessive press- 
ures caused by surges 
in the system. Fast 
opening—slow closing. 


Bulletin W-2 


Flowtrol Valve 
Easily operated by one 
man regardless of pres- 
sure or size of line. 
Used to replace hard- 
to-open gate or plug 
valves. 


Bulletin W-8A 


al 


ONE MAN CONTROL VALVES 


Water Pressure 
Reducing Valve 


Maintains uniform 
predetermined deliv- 
ery pressure regardless 
of variance in up- 
stream pressure. 


Bulletin W-3A 


Solenoid Valve 
Used where remote 
control operation or 
operation by electrical 
impulse is desired. Ad- 
justable opening and 
closing speeds. 

Bulletin W-7A 


GOLDEN-ANDERSON VALVE SPECIALTY COMPANY 1254 Ridge Avenue, Pittsburgh 33, Pa. 


Descriptive bulletins—numbered under each valve illustrated above—contain complete technical information. Write for your copies. 
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TABLE | 


Estimated Peak. Day Cc | 1956. 


Hourly 
Consumption/ | 
Avg. Hr* 
%o 


Hourly Hour*—gal 
Consumption 


gal 


0 
500,000 
850,000 
200,000 

300,000 
1,350,000 
| 400,000 
450,00( 
500,000 


0 
5.4 600,000 


250,000 


4 
77.3 


/. 
100,000 
200,000 
250,000 
300,000 
350,000 
400,000 
550,000 
500,000 
300,000 
500,000 
700,000 
900,000 

| 090,000 
300,000 


50.000 


300,000 
550,000 
800,000 
190,000 
750,000 
850,006 
800,000 


Yr) 


its 
\ L 


400,000 b 440 4 440.000 


00 


Variation From Average 


Above Average, Below ‘hidiendl 


well as at or near the area of peak 
demand, permits water to be fed Soin 
both ends of the system during peri- 
ods of peak use, thus (in effect) in- 
creasing the carrying capacity of the 
mains. (It is assumed, in this case, 
that facilities will be available to per- 
mit filling reservoirs during low-con- 
sumption periods at night.) 
Aesthetic considerations must also 
be given primary consideration in de- 
termining storage location. Elevated 
tanks in built-up residential areas 
may provoke local opposition, because 
of the height of the structure. Suffi- 
cient area should be obtained for the 
site to allow proper landscaping. In 
many cases it is possible to combine 
recreational areas—parks play- 
grounds—with reservoir sites. 


| Cumulative 
Consumption 
gal 


0 
500,000 
1,350,000 
2,550,000 
3,850,000 
5,200,000 
6,600,000 
8,050,000 
9,550,000 
1 1,200,000 
12,800,000 
14,200,000 
15,800,000 
600,000 
600,000 
790,000 
190,000 
3,990,000 
5,450,000 
3,840,000 
5,150,000 
25,500,000 
750,000 
50,000 
2% 400, 000 


or 


Reinforced-concrete storage reser- 
voirs can be constructed partially be- 
low ground level, depending on local 
conditions. The large steel reservoir 
used by the Authority, though suffi- 
ciently exposed on the sides and top 
to permit maintenance work, is par- 
tially concealed by dikes and land- 
scaping. The elevated tanks used are 
of the radial-cone type, one of them 
having a fluted center, which gives 
it somewhat the appearance of a mon- 
ument. 

\lthough the storage 
\uthority comprises steel 
tanks and a steel ground 


used by the 
elevated 
reservoir, 





*Average hourly consumption was 1,100,000 gal 


on which to proceed, several trial so- Storage Location 
lutions, using anywhere from 20 to 
50 per cent of the maximum peak- 
should give indi- 
volume of re- 


_ Locating storage a 
ine > the 
demand, some ine opposite the pun 


the 


day 
cation 
quired. 


of storage 





eS a Ss 


S58 














6 

PM 

Hour 
Fig. 1. HOURLY variations for estimated peak day, 1956 
ume of storage required to meet 
pumping average hourly peak— 
day rate. 


The shaded area represents the \ 
" Jemands 


peak wher at the 
7 


Accumulated Flow — mil gal 


consideration was previously given to 
other types of construction for the 
ground reservoir. The type selected, 
considered the most 
range of choice 


however, was 
satisfactory within the 


dictated by 


t the end of the 
iping facility, as economic considerations. 





27 


P| 





24 














Hour 


Fig. 2. MASS os of Sterege gece sagem 


ve-demand estimate 


he nv curve tted m re 


ulat 


AB vee 


betw 
AB 


e 


average-cerr and ne rawr 


XY 


++ 


snd the 
cr 


and are Grawn paralie and Tangent ft 


at points greatest diverger m the average. At C 


tT maximum divergence a ne is extended down the rainete to 


CC; 


his 


ine XY. T ne represents the required peak-hour storage: 


it sca > 6.44 mil aal. 
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$ 1,000 


Cost of Storage 
































ge 






















Costs 
lhe ditterence in tirst cost of ele 
ted or ground storage can be com 
referring to Fig. 4, which 
pacities up to and includ 
p U | gal lhe cost of steel 
elevated tanks up to 3.0 mil gal is 
compared with that of steel ground 
storage reservoirs, including pump 
ing stations. As a general rule, the 
cost of steel elevated tanks is about 
e979 





5-2.5 times as great as that of steel 















ground reservoirs (including pump- 
ing stations) of comparable capacity. 
In the Authority system, fortunately, 
it v possible to combine additional 
pumping facilities for the ground 
st ge with other pumping facilities, 

space, and control equipment 

the same building. 





In the smaller community, the ele- 







ited tank can fill an important need. 
\lways ready to serve with a reserve 
that does not require repumping, it is 
espe lly we suited, for example, 
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40 5.0 6.0 
Storage — mil gal 


Fig. 4. STORAGE Cost Comparison. 


40 60 80 100 120 140 160 180 
Pumping Rate 
Peak Day Rate “° 
e A represents +t 
Fig. 3. EFFECT of Storage on Peak-Day Pumping Rate 1 storage [in 
ts peak-day rate e B the average-day rate (figured 


r the summer 


for fire-fighting requirements. Usu- 
ally, normal pumping operations 1s 
possible with its use. It is only during 
peak hours that elevated storage may 
be materially exhausted. The size of 
the tank should be determined by the 
pumping capacity of the station, but 
it should not be so large that it can- 
not be filled during the night hours 
of the peak day. In the larger com- 
munity, a certain percentage of stor- 
age in elevated tanks is useful to 
maintain level pumping loads and per- 
mit more reliable pumping control. 

Among the chief advantages of 
ground storage is that it can be filled 
more rapdily than elevated tanks 
With ground reservoirs in 
the smaller community, manual con- 
trols—requiring attendance at the site 
of operation—may be most suitable ; 
in larger installations, however, the 
use of automatic controls may be pre- 
ferred 

Either type of storage may be lo- 
cated near the area of peak demand 


storage 


i~] 


st of elevated storage, Line B the cost of 
uding pumping station), Line C the cost of 
nd storage without pumping statior 






and filled at night, permitting more 
efficient use of pumping equipment 
and water mains. Sometimes this 
practice may result in reduced power 
costs, since the required pumping is 
performed at an hour when power 
loads are at a minimum. The cost of 
repumping from ground reservoirs is 
also an important factor in selecting a 
storage facility. This cost, however, 
should not be excessive if repumping 
is required only for periods of peak 
consumption. 

The type and volume of peak-hour 
storage best suited to any given sys- 
tem will be determined largely by the 
nature of the existing facility, and the 
special needs and conditions of the 
community served. Of the experience 
here described, at any rate, it may 
fairly be observed that peak-hour 
storage is to peak-hour demand as 
green is to grass 


Reference 


1. Kiker, Joun E. sr. Computing Require 
ments for Elevated Water Storage 
Public Works, 5:74 (May 1953) 
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Elevated Water Tank 
for the City of 
Plymouth, Indiana 





Ralph Lentz, Water Works Superintendent 
Ciyde E. Williams & Associates, Inc., 
Consulting Engineers, South Bend and 
Indianapolis, Ind. and Lansing Mich 
Lloyd Taylor, Project Engineer 
Graver Tank & Mfg. Co., Inc., 
Design, Fabrication and Erection 





Type: Double Ellipsoidal Elevated Tank 

Capacity: 400,000 gallons 

Height of Overflow: 130 feet 

Low Water Level: 100 feet 

Diameter of Tank: 50 feet 

Built to AWWA Specifications, except that %” plate 
was used on the roof instead of %” minimum 

Painted and Sterilized 





THE PROBLEM 


A water supply system designed to serve a rural 
county seat of 3,838 people was woefully inadequate 
for today’s population of 6,704 in this thriving trad 
ing center. One industry alone consumed one-third 
of the water. And the situation was further com 
plicated by a disasterous flood in 1954 which polluted 
the city’s wells located near the Yellow River. Steps 
had to be taken without delay to meet the problem 





THE SOLUTION 


Anticipating probable population and commercial 
requirements by 1980, plans were developed for new 
wells, larger mains, and adequate pumping and stor 
age capacity. Standards of the National Board of Fire 
Underwriters indicated a fire pumping formula of 
bi 150% of the flow required for normal domestic use 
; plus 10 hours of fire flow. The desirable storage 
capacity was set at 500,000 gallons, 100,000 gallons 
in an existing tank and 400,000 gallons in a new tank 

Graver was selected to design, fabricate, erect 
paint and sterilize the new 400,000 gallon elevated 
water tank 

The close teamwork of the city’s water works super 
intendent, the consulting engineers and the Graver 
organization speeded the elevated water tank 
erection so that the new water system could be put 
into operation in 1956 

























if you have a water st rage of pressure problem, it 
would be well to talk it over with a qualified con 
sulting engineering firm and Graver, whose 100 years 
of experience in tank fabrication and erection can 
contribute measurably to your plans 


GRAVER TANK & MFG. (0. [NC 
EAST CHICAGO, INDIANA 


New York « Philadelphia » Edge Moor, Delawar 
Pittsburgh « Detroit * Chicago « Tulsa « 

Springs, Oklahoma «+ Houston e« Los An-eles 
San Francisco « Fontana, California 































A CENTURY OF CRAFTS HIP 
IN STEELS AND ALLOYS 
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DESIGNED, FABRICATED AND EBRECTED BY 















Graver elevated water tanks are ex- 
pertly fabricated from carbon steel, 
stainless steel or aluminum at 
Graver plants across the country 
and are erected on the site by 
experienced Graver crews to the 
highest welding standards 


The selection of one of the stand- 
ard sizes shown in the table offers 
the advantage of lowest cost and 


quick deliveries. Should one of 


the standard sizes not be suitable, 
special designs by Graver’s engi- 
neers is a regular service 


Graver is an approved fabricator 
of pump suction tanks under the 
Factory Mutual Fire Insurance 
Companies specifications. All 
standard sizes shown in the table 
have \“" bottoms, “%" seif-sup- 
porting roofs and shells of thick 
ness such that stress does not 
exceed 15,000 psi 


GRAVER| PUMP SUCTION TANKS 


STANDPIPES AND RESERVOIRS 


ELEVATED WATER TANKS 



























Capacity | Diameter | Head Number of 
Gallons Range Columns 
25,000 18’ 0” 13’ 9” q 
30,000 | 1870” | 166” 1 * 
40,000 | 200” | 17 lo” | 4 
30,000 [22707107 
60,000 | 2470” | 190” 3 
75,000] 26’ 0” 21’ 0” 4 
+ 100,000—} 2870" | 23" 9” Ly 
125,000 30’ 0” 25 9” 4 
150,000 | 3270" | 27°11” 6 
200,000 | 36’0” 29’ 11” » 
250,000 | 40°0” | 29” 2” 4 
300,000 | 44°70" | 30°0" | 6 
400,000 | 50’0” 30’ 0” 8 
500,000 | 52°0” 35’ 0” 8 
500,000 55’ 0” 30’ 0” ~ 8 
$00,000 | 55°0" | 40°O" | 8 
600,000 | 61°0” | 35°07 . 
750,000 | 610” | 40°0” a 
| 750,000 | 65°0” | 35°0” 8 
ee. eS = = 
Actual 
Rated Capacity 
Capacity Liquid Diameter; Height 
Gallons Depth = 
Height —6” 
100,000 100,470 | 2770" | 23° 11%" 
150,000 150,120 | 286” | 31’ 11%” 
200,000 | 200,730 | 3370” | 31’ 10%” | 
250,000 |” 250,340 | 3770" | 317%" | 
300,000 | 300.550 470” | 29 6” 













Water supply storage tanks whose height exceeds the diameter are referred 
to as standpipes. When the diameter exceeds the height, they are called 
reservoirs. Standpipes normally provide static head to the water distribution 
system; reservoirs usually are intended for storage and reserve supplies. 
For both types of water tanks, there can be no standard sizes offered. 
Since the size and form a upon local conditions and individual 


requirements, standpipes anc 


EAST CHICAGO, INDIANA e« NEW YORK 
PITTSBURGH . DETROIT . CHICAGO 


HOUSTON . LOS ANGELES . 





_ 


@ PHILADELPHIA e 


7 TULSA 


FONTANA, CALIFORNIA 





reservoirs must be designed in accordance 
with the special needs of the users and the characteristics of the site. 






Building for the Future on 100 Years of Craftsmanship in Steels and Alloys 
GRAVER TANK & MFG.CO..[NC. 





EDGE MOOR, DELAWARE 
° SAND SPRINGS, OKLAHOMA 
. SAN FRANCISCO 
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Inspecting and Repainting 
Steel Water Tanks 


by J. O. JACKSON 


Retired Vice-President in charge-of engineering and research for Pittsburgh-Des Moines Steel Co. 


HE SERVICE LIFE and eco- 

nomical maintenance of steel wa- 
ter tanks depends upon thorough regu- 
lar inspection and upon prompt and 
thorough repair and repainting as 
necessary. Aside from possible dam- 
age by floods, storms, or earthquake, 
the life of a steel tank is limited only 
by the damage due to corrosion of 
the tank plates and the supporting 
tower, if any. 

The American Water Works As- 
sociation’s Specification D102, “Ten- 
tative Recommended Practice for 
Painting and Repainting Elevated 
Steel Water Storage Tanks, Stand- 
pipes, and Reservoirs,” was prepared 
by a joint committee representing the 
American Water Works Association, 
the New England Water Works As- 
sociation, and the American Welding 
Society. It is recommended as a guide 
to the owner of the tank, as to in- 
spection, repair, repainting, and at- 
tendant contractual arrangements. 
Repair and repainting are such spe- 
cialized and somewhat hazardous 
undertakings, particularly for ele- 
vated tanks, that they are seldom 
done by regular maintenance per- 
sonnel. Instead, these functions us- 
ually are performed by contractors 
who are experienced in this work. 


Inspection and Report 


All tanks should be thoroughly 
inspected inside and outside at least 
once each year, preferably in the 
spring, to determine the extent of 
pitting or of paint failure by blister- 
ing, peeling, rusting, or abrasion (as 
by ice). The outside of a tank and 
its supports should be inspected for 
possible structural damage after 
every serious storm, flood, or earth- 
quake. If the regular maintenance 
inspection is made in the springtime, 
the repairs and repainting, if needed, 
may be contracted for in time to have 
the work done under favorable sum- 
mer conditions. The inspection 
should be done by the owner’s main- 
tenance superintendent, his engineer, 
or by any other competent and expe- 
rienced in recognizing conditions 


which are or may become serious. 
Consulting structural engineers and 
many testing laboratories offer in- 
spection services. Tank manufactur- 
ers usually offer such service for 
tanks of their manufacture. 

The tank should be completely 
drained for the inspection. The in- 
terior surfaces should be washed 
down with a fire hose, to remove 
the slime from the walls. All dirt 
should be cleaned out from the bot- 
tom. Suitable rigging, to enable the 
inspector to check all parts of the 
structure, is essential. The detailed 
inspection report! should include an 
evaluation of the condition and rec- 
ommended repair and/or repainting 
of the following: foundation(s), riser 
pier, anchor bolts and nuts, column 
bases, columns, sway rods, tower 
alignment and general condition, 
riser, frost casing (if any), ladders, 
balcony, struts, tank bottom, walls, 
roof, overflow, level indicator, heater 
(if any), valves, etc. Extreme care 
should be exercised during the in- 
spection. Interior ladders and spider 
rods are usually the first items to 
deteriorate to unsafe conditions. 

The report on the condition of the 
paint, or other protective coating, 
should include a description of the 
type of failure, if any, such as blis- 
tering, peeling, flaking, alligatoring, 
chalking, rusting, and the extent 
thereof in per cent and degree. 

The report should include an esti- 
mate of the useful life remaining in 
the tank. ‘The extent and depth of 
pitting is important: whether local- 
ized in spots which can be repaired 
by welding, or whether the pitting is 
general, requiring new sheets or 
structural members. If steel is re- 
quired, the amount and location in 
the structure should be stated. 


Action on Report 


The report should be held confi- 
dential and should be made only to 
the persons who have ordered the 
inspection. Having received the re- 
port the person responsible for the 


maintenance of the tank will prob- 
ably discuss the required repairs with 
the inspector and then plan the work 
accordingly. If the repairs consist 
only of things the owner can take care 
of with his own maintenance force, 
orders should be issued to have the 
work done and the report should be 
noted to indicate that each item was 
properly taken care of. If the repairs 
are extensive the owner may wish to 
advertise for bids and have the work 
done by some competent organiza- 
tion. It is of great importance to con- 
tract with an organization who will 
do the work conscientiously at a 
reasonable price. 

If the tank is used for sprinkler 
or fire protection service, the in- 
surance company and the local fire 
department should be notified when 
the tank is to be taken out of service 
and how long it will be out, so that 
special provision can be made for 
emergency water supply in case of 
fire. 


Painting 

If the tank needs a complete re 
painting and if the previous paint 
system gave good service, it is wise 
to continue the use of the same sys- 
tem, including the corrosion inhibi- 
tive primer, intermediate, and top- 
coats. If the previous paint system 
gave unsatisfactory performance, the 
selection should be based upon the 
recommendations of the Steel Struc- 
tures Painting Council in their re- 
cently published “Painting Manu- 
als.” This Council is made up of 
representatives of 19 national asso- 
ciations or technical societies, includ 
ing, of particular interest here, the 
American Water Works Association, 
American Institute of Steel Con- 
struction, National Association of 
Corrosion Engineers, National Paint 
Varnish and Lacquer Association, 
and the Federation of Paint and Var- 
nish Production Clubs. 

Volume 1 of the “Painting Man- 
ual” includes a chapter entitled “The 
Painting of Steel Tanks.” Volume 2 
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BLAST CLEANING badly corroded steel tank. Blast machine at center. Movable scaffold on castors can be dismantied 
for removal through man-hole. Note blast-cleaned area at left. 


was published to fulfill the need for 
specific recommendations for the 
painting of various types of steel 
structures, to supplement the general 
recommendations of practice 
found in Volume 1. Included are nine 


gC od 


SSPC Specifications on surface 
preparation, covering wire brushing, 
blasting, pickling, etc. There are four 
SSPC surface pretreatment specifi- 
cations, covering wetting oils, vinyl 
washcoats, and hot and cold phos- 


phate treatments. There are thirteen 
SSPC primer specifications and 
seven SSPC intermediate and/or 
topcoat specifications, as well as an 
extensive index of Federal, Military, 
and ASTM specifications on paint. 





TABLE | 


Recommended Paint Systems 





Schedule 


Vinyl-alkyds 


(A) INTERIOR SURFACES 


SSPC-PS3-55T 


Blast 


wasncoat 


(B) EXTERIOR SURFACES 


SSPC-PS2-55T 


Blast 


Vinyl washcoat 


Blast 
None 
Viny! red lead 
Alkyds 
A kyds 


Alkyds 
Alkyds 


“SSPC-PS2-55T 


c chromate 


SSPC.PS1-55T 


Wire brush 
None 


"§SPC-PS3-55T 


Blast 


N ne 


L. O. red lead 
Red lead-litharge 
Red lead-litharge 


Phenolic red lead 
Phenolic red lead 
Phenolic red lead 





SSPC-PS2-55T SSPC-PS1-55T 


Wire brush 
None 


L. O. red lead 
Alkyds 
Alkyds 


Phenolic red lead 
Alkyds 
Alkyds 
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CONTRAST of badly corroded surface (left) and blast-cleaned and painted surfaces (right). 
The grey strips have been blasted, but not yet 


There are nine broad SSPC specifi- 
cations covering paint systems, cov- 
ering oil base, alkyd, phenolic, vinyl, 
bitumastic, etc., for various exposure 
conditions, such as “normally dry but 
exposed to weather,” “frequently wet 
or exposed to high humidity,” “con- 


tinuously wet or immersed in fresh 
water,” etc. 

These two volumes reflect the 
enormous task of the correlation of 
the best factual data and experience 
on the technical, practical, and eco- 
nomic aspects of paint protection of 





TABLE 2 


Specifications for Painting and Surface Preparation 





Item 


Blast cl 
WwW 


rt a 


eaning 
re brushing 


eaning 





at 
ead 


minum 


washc 


yi read 


+ 


rand 
Ready-to 


SST 
0?-.S55T 


04-557 


Ww 


Pertinent Specifications 


6482 (pr 


4S0? or 
' 


Red Lead 


ed Lead 


har 


3¢e 


hade, including 


Mix Aluminum Alkyd" 


Black Alkyd Paint 


or Tinted Alkyd Paint’ 


hite 





Fie 


d, and Maintenar 





painted. 


steel structures such as water tanks. 
The SSPC Specifications are earn- 
estly recommended for attention. The 
incorporation or even partial use or 
reference thereto, of these specifica- 
tions by the purchaser of a water 
tank, by maintenance superinten- 
dents, engineers, or other authorities, 
in the technical provisions of a re- 
painting contract, cannot help but 
result in better performance and 
service for the tank owner. 


Paint Systems 

There are no foolproof paint sys- 
tems for the protection of steel tank 
surfaces. After more than a quarter 
century of research and testing of 
surface preparation, pretreatment, 
paints, paint systems, and paint ap- 
plication, in the laboratories of the 
author’s company and in actual serv- 
the paint systems given in Table 
1 have been found to give very good 
performance under average service 
3,4,5,6 


ie, 


conditions 

These paint schedules are consist- 
ent with the SSPC recommenda- 
tions. Schedules D and E will be rec- 
ognized as being in conformance with 
AWWA recommendations in their 
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covering 


sources, 
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le is a complete 
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experience with lacquer- 
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five gallons of paint, to soften the 
intermediate coat. 

Paint Schedule D is the AWWA 
phenolic red lead system. The same 
“adhesion” precaution applies as for 
Schedule C, as well as for all phe- 
nolic systems. 

Paint Schedule E is the AWWA 
linseed oil-red lead system, and is the 
only system which does not require 
optimum surface preparation, as_ by 
blasting. Litharge 1s added to the red 
lead paint, just prior to application, 
to speed up drying and hardening. 

After repainting is finished, the 
owner is, of course anxious to fill 
the tank with water. If drying and 
ageing depends upon natural ventila- 
tion, on the poorly ventilated 
interior surfaces, and unless a large 
volume air mover or blower is used, 
the following minimum drying times, 
based upon past experience, are re- 
quired: one day for the vinyl top- 
coats, one week for the phenolics, 
and 30 to 60 days for oil base top- 
coats. This obviously influences the 
interior paint systems 
the type of surface 


very 


selection of 
and, of course, 
preparation. 

\ll of the paint systems discussed 
comprise three coats of paint because 
it is felt that a total dry film thick- 
ness of at least 4 mils as necessary 
for satisfactory paint service life be- 
fore complete repainting is again 
total of 5 mils is 
nomically justifiable, from the stand- 
point of maintenance cost per square 
foot per year. The comparative total 
initial the various systems 
are of the order of $0.40, $0.35, 
$0.28, $0.30 and $0.29 per square 
foot of painted surface, respectively, 
corresponding to comparative main- 
tenance of about $0.08, $0.09, $0.10, 
$0.10 and $0.11 per square foot per 


necessary. A eco- 


costs of 


year for paint Schedules A, B, C, D 
and E, in that order. 

This review of repainting has been 
confined to paint as such. Although 
there are many tanks protected by 
coatings such as wax, grease, and 
coal tar, hot or cold applied; by ne- 
oprene, cement linings, sprayed met- 
al, either zinc or aluminum, with or 
without seal coats; and by cathodic 
protection, with or without painted 
surfaces, the large majority of main- 
tenance is based upon paint. 

Summarizing, successful and eco- 
nomical paint protection depends up- 
on: 

1. Selection of a 
system. 

2. 


suitable paint 


Proper surface preparation. 

3. Suitable and compatible paint 
materials. 

4. Good application to minimum 
film thickness under favorable work- 
ing conditions. 

5. Adequate drying and ageing. 

6. Maintenance of the paint sys- 
tem by alert inspection and spot re- 
pair or complete repainting. 
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How To Thaw Frozen Water Pipes” 


ROM TIME to time, practically 

all northern water utilities are 
faced with the task of thawing frozen 
service pipes and small diameter wa- 
ter mains. 

Although the original mains and 
services may have been installed be- 
low frost depth, later construction ac- 
tivities, such as the regrading of 
streets, parkways and sidewalks, and 
the building of new subdivisions, of- 
ten remove part of the earth protec- 
tion and permit the pipes to freeze. 

The most common method of thaw- 
ing frozen services is the use of elec- 
tric current. Developed several dec- 
ades ago, this method has been widely 
used in severe winters since 1918. 

Usually an welding unit 
the source of current, al- 
though utility current is sometimes 
used. The welding unit, incidentally, 
is a good piece of equipment to have 
available the year around for miscel- 
laneous repair jobs. These portable 


electric 


serves as 


units are driven by gasoline engines 
ranging from 30 to 100 horse power, 
with generators having a capacity as 
high as 800 amperes. 

In the thawing operation, it is the 
amperes that are important. Voltage 
needs only to be high enough to push 
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current through pipe being thawed. 


The principle behind the operation 
is simply this: 


pipe metal high enough to melt ice. 


In years past, similar results were 


obtained by using small steam boilers 
with proper diameter hoses and small 
needle pipes to force steam or hot 
water into the services. This proced- 
ure may still be necessary where non- 
metallic mains are used. 

Service pipes may be thawed with 
only 200 or 300 amperes in a few 
minutes, with voltage ranging from 
10 to 40. A six-inch water main, on 
the other hand, may require 500 to 
600 amperes at 60 volts, and take two 
or three hours for thawing. 

Often a considerable length of time 
and rather high amperage is also re- 
quired to melt ice and permit water 
to flow in copper service pipe, which 
has excellent conductivity. Sometimes 
it is necessary to dig down to the cor- 
poration stop at the mains and attach 
thawing wire to the copper tubing. 

One of the power wires leading 
from the electric generator should be 
connected to the service pipe in the 
house and the other wire to the water 
main in the street, either by attach- 
ing it to a fire hydrant or to the wa- 
ter service of a nearby house. All 
pipe joints in the circuit should be 


reasonably good electric conductors. 


* 


eS 


— 


CABLE CONNECTED T@ SERVICE PIPE 


FROZEN 
SERVICE 


ELECTRIC 
GEMERATOR 


TYPICAL electrical hook-up used in the north to thaw frozen water service pipe. 


use sufficient electric 
current to raise the temperature of the 


Some trouble has been experienced 
in thawing services attached to mains 
on which lead substitute joint material 
has been used. Sulphur compounds in 
sandy soils, for example, or in other 
having high resistivity, have 
proven rather difficult to thaw. Cities 
using sulphur compounds in cold cli- 
mates should drive a lead wedge at 
least 2” in length into the bell before 
pouring the compound. Possibly two 
1144” wedges would be more effective. 
Wires coming from the electric gen- 
erator should be at least 000 in size. 

Before the thawing wire is attached 
to the water service pipe, both the 
water meter in the house and the 
grounded neutral electric wire used 
by many electric and telephone com- 
panies should be removed. Then oc- 
cupants of the house should be cau- 
tioned about touching electrical ap 
pliances and gas piping. 

If the second thawing wire is at- 
tached to the water service in the ad- 
jacent house to complete the circuit, 
the water meter and neutral wire of 
this house should also be removed. 

In conducting the thawing opera- 
tion, the use of more than 600 am- 
peres at 60 volts should be avoided. 
A greater current creates hazardous 
fire conditions and the possibility of 
accidental shock to people living in 
the buildings involved. 

There have been where as 
much as 1500 amperes was applied to 
copper services to hasten thawing. 
This high amperage is definitely on 
the dangerous and should be 
used only by experienced technicians. 
Six-inch mains provided with lead 
joints or lead-tipped rubber gaskets 
are commonly thawed with currents 
ranging from 500 to 600 amperes. 

Since many telephone companies 
ground their instruments to water 
service pipes, house phones should be 
inspected to see that ground wires are 
removed during the thawing opera- 
tion. 

In general the electrical method of 
thawing frozen water pipes is the 
most easily and quickly applied of 
methods in service today. Handled by 
qualified workmen, this method 


soils 


cases 


side, 


creates no dangers for occupants of 
houses involved. 
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We invite inquiries to our 
nearest sales office 


120 Se. Michigan Avenve 
Chicago 3, Ill. 


350 Fifth Avenue 
New York 1, New York 


es 


W.&S.W REFERENCE & DATA—1957 


Sliding or screw type cast iron 
valve boxes for covering 4” 
through 10” valves for water or 
gas. Rugged construction for 
lifetime service. 54" shaft. 


Extensions as required. 


Valve boxes supplied with 


separate bases are available in 


sliding or screw type. Made with 
54" and 7” shafts with extensions 
as required. Also, a complete line 


of service and roadway Boxes. 


ALABAMA 





METALLURGY TESTS 


HYDROSTATIC TEST PRESS 


LOAD BEARING TESTS 


NOTHING OVERLOOKED! 


Produced in a plant as modern as tomorrow ... Most exacting metallurgical, 
chemical and physical tests... Strict quality control from the raw material to 


the finished product... That's Alabama's Super De Lavaud Cast Iron Pipe. 


For long years of dependable, trouble-free service... specify Alabama's 
Super De Lavaud Cast Iron Pipe. Sizes 3” to 24” in modern long lengths. Bell 


and Spigot, Roll-on-Joint, Flanged, and Mechanical Joint. 


ALABAMA PIPE COMPANY 


General Sales Offices 
ANNISTON, ALABAMA 


We Invite Inquiries to Our Nearest Sales Office 


122 S. Michigan Ave. 350 Fifth Avenue 
Chicago, Illinois New York 1, New York 
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Cleaning Water 


HIS article is designed to explain 
and illustrate the “why, when, 
and how” of cleaning and lining water 
When the carrying capacity 
of mains decreases, there is a decrease 


mains 


in the system 


serviceability of the 


ad to recover water main ca 


is “why” water mains are 


Che curves, Figs. 1 and 2, show 
the population increase of all the 
cities in the Southwest Section which 
answers to an AWWA 
questionnaire, both in 1945 and in 
1950. Fig. 1 illustrates trends of 
cities below 400,000 and Fig, 2 for 
those of cities above 400,000 popula- 


levels 


reported 


tion 


Examining two sets of curves, we 
find that there are two cities having 
negative slopes, indicating loss of 
population ; these two exceptions were 
military installations which 
were after World War II. 
Consideration of the slopes of these 
trend curves indicates that the rate of 
increase of population becomes in- 
creasingly rapid as the population be 


comes greater 


aused by 
inactive 


Increasing Water Consumption 


illustrates the demand for 
water shown by these cities. The de- 
mand, as figured here, is the product 
of the population times the per capita 
water consumption. By reexamining 
Figs. 1 and 2, it will be apparent that 
the demand is cumulative: as the 
population increased, the per capita 
water consumption increased at a 
faster rate. Thus, the slope of the 
Fig. 3 is much greater than 


Fig. 3 


curves il 
the slope of the population curves; 
as pointed out before, the per capita 
water consumption increases more 
rapidly as the population increases 
and, therefore, the slopes on Fig. 3 
are a reflection of the cumulative 
effect of increasing per capita water 


of an articl 
Perkins pub 


\ revision and condensation 
\. Frank and A. G 
in 1954 
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by J. A. FRANK 


consumption at the same time the 
population is increasing. 


Unaccounted-for Water 


Also to be noted is the fact that 
the slope becomes steeper and steeper 
as the city grows larger in population. 
In plotting these data, the unac- 
counted-for water (the difference be- 
tween the total quantity produced 
and the total amount sold) varies; in 
some cases the amount is as high as 
40 per cent. It is interesting to note 
that, in the cities where the unac- 
counted-for water is held to 15 per 
cent or less, each city has had Pitom- 
eter surveys made. 

Fig. 4 conclusively indicates the de- 
mands on the water distribution sys- 
tems have become greater and greater. 
New pipe to take care of this grow- 
ing demand has not been laid as rap- 
idly as the demand has increased. 

The loss of coefficient for the vari- 
ous sizes of pipe as predicted in the 
Hazen & Williams Handbook is illus- 
trated in Fig. 4. Note that this ts a 
family of curves, and that the cen- 
troid of the family has been drawn 
as a heavier line. The significant point 
to be noted is that, while the demand 
on the systems has been going up 


EFFECTIVE DIAMETER (INCHES) 
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EQUIVALENT pipe diameters required for 
specific "C" values. 


120 no 


and up, the coefficients or ability to 
supply demand has been decreasing at 
the rates shown. 

The equivalent diameters required 
for pipes as they lose coefficient is 
illustrated in the Hazen-Williams 
“C” valve graphs reproduced here- 
with. Since the total investment in 
water mains in the U. S. is estimated 
at four and one-half billion dollars, 
a tremendous amount of capital in- 
vestment is being lost due to loss of 
coefficient. 

In short, the load on the water lines 
is increasing at a very rapid rate, 
which is cumulative, and that the abil 
ity to serve (the capacity of the pipe 
lines) is dropping at a very alarming 
rate. Thus, if we can recover the loss 
of coefficient, and the resultant loss 
of capacity, we are then in a position 
to improve and recover this loss in 


capital plant 


Water Main Cleaning Methods 


The process of water main clean 
ing can be divided into the 
method” for lines of 4 and 6 inches, 


“drag 


and the “pressure method” for lines 


8 in, and larger. 
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Charts courtesy of Clinton Inglee, reproduced from jour. A.W.W.A. 





Drag Method 


After preliminary work, such as 
excavation, notification, etc., the drag 
work process consists of isolating the 
main to be cleaned, then making a 
cut at the entrance point and a cut 
at the exit point. The nipples cut out 
of the main usually are 28-in. in 
length. 

A light cable is extended through 
the water line from one end to the 
other, either by means of jointed rods 
or a piston-like device called a car- 
rier. A “make-up,” which allows tem- 
porary repair at the starting point, 
and a stuffing box are next installed. 
The water pressure in the main pro- 
pels the carrier, which drags the light 
line through the main behind it. 

After the light cable is run through 
the main, the cable from a power 
winch, usually 3¢-in. in diameter, is 
pulled back to the starting point and 
the “drag” tool is attached to this 
heavier cable. After the cleaning tool 
is pulled into the main, entrance to 
the main at the starting point is per- 
manently repaired, using Dresser 
couplings or solid sleeves. 

Water is turned on so that, as the 
cleaning tool is pulled through and 
scrapes the deposit from the interior 
of the main, the water flushes the 
dirt ahead of the cleaning tool to the 
exit hole. When the cleaning tool 
emerges at the exit point, the line is 
thoroughly flushed and then is shut 
dawn long enough to permit per- 
manent repair at the exit hole. The 
air is vented from the line and the 
line is restored to service. It is good 
practice to shut off the various service 
connections while cleaning proceeds, 
in order that the debris will not enter 
the service lines. 


Pressure Method 


The pressure method of cleaning 
includes the same preliminary steps 
as the drag method, namely, excava- 
tion, notification, and isolating the 
main. The main is then shut down, 
and nipples varying in length from 
6 feet to 9 feet are cut out both at 
the entrance and exit holes. 

There are two methods of entering 
the cleaning tool into the main. The 
first consists of pulling the cleaning 
tool into the nipple by means of a 
horizontal tripod braced against the 
nipple and using a jack, such as a 
coffing-hoist, to pull the machine into 
the nipple proper. This nipple, with 
the machine inside it, is then put back 
into the Dresser 


main by means of 


couplings or solid sleeves. 





POPULATION GROWTH of cities in Southwest Section of A.W.W.A. 
(based on 1945 and 1950 data). 
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Fig. 1—Cities below 400,000 population 
levels. 
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Fig. 3—Water Demand vs. Time Cal- 

culated as the product of population 

multiplied by per capita water consump- 
tion. 





The water is turned on, and the rate 
of travel of the cleaning tool is ad- 
justed to between 50 and 100 feet 
per minute. The cleaning tool, which 
uses pistons to propel it, has adjust- 
ments to permit more or less water 
to pass through the machine and to 
flush the dirt ahead of it. When the 
cleaning tool emerges at the exit point, 
the line is shut down after flushing. 
The nipple at the exit point is again 
recoupled by means of Dresser cou- 
plings or solid sleeves. 


Fig. 2—Cities above 400,000 population 
levels. 














Fig. 4—""C" Value vs. Time Family of 
curves for various pipe sizes, based on 
Hazen & Williams Handbook. 


Cutting the Pipe 


In the past, the cutting of the water 
pipe has always been a time-consum- 
ing practice. Today four cuts may be 
made simultaneously, thus reducing 
the length of time the main is out 
of service. 

Fig. 5 shows the set-up using two 


A. P. Smith cutters which are 
mounted on the pipe prior to shut-off. 
These employ specially designed high- 
cycle electric motors, and are capable 
of cutting any cast iron pipe in 15 
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City officials, engineers, contractors 
will be interested in these... 


Facts About 
Steel Water Pipe 


COMPARE THE COSTS... This scale drawing com- 
pares a single 40-ft length 
of steel pipe with two 
16-ft lengths of rigid- 
walled pipe of the same 
inside diameter. The steel 

pipe has thinner walls and a smaller outside diameter; 

weighs only about one-fifth as much per ft of length. 

Results: the steel pipe costs less to ship, to handle and to 

lay. It requires a smaller ditch, fewer bell holes, fewer joints 


—only 132 per mile. 


TESTED FOR STRENGTH... Every length of steel 


— pipe is hydrostatically 


x3, 
ne tested at the shop in accord- 


Se ey 3 203] ance with AWWA specifi- 
a <~ cations—usually to double 

the working pressure. 

What's more, steel pipe can withstand from 3 to 4 times the 
working pressure before bursting (we refer you to the chart 
on the opposite page) And steel pipe safely resists water- 


hammer, shock loadings and surge 


BEAM STRENGTH. . .Steel pipe has the structural 


strength that is character- 
istic of tubular steel. It can 
span long washouts; is of- 
ten handled in multiple 
lengths during installation. 
And steel pipe can stand up under the weight of extremely 


heavy cover 


RESILIENCE... .Steel ‘gives’ under stresses that 


would cause more rigid materials 

to crack or break. Steel pipe can 

(¢ F . “absorb”’ traffic vibration as well as 
\)* }) shock due to explosions and earth 
tremors. Its resilience allows it to 


transmit much of the strain to the surrounding earth. This 


is not true of rigid-walled pipe. 
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LEAKPROOF JOINTS. . . 100 pct bottle-tight joints 
are a practical reality with 
steel pipe, whether me- 
chanical couplings or welds 
are used. Water leakage is 
prevented; there’s no con- 

tamination of the contents due to infiltration from without. 

These joints are quickly made, they’re permanent, and 


they're strong. 


CORROSION-RESISTANCE. ..Modern methods 
of lining steel pipe with hot-spun 
coal-tar enamel make it immune 
to corrosion and incrustation. 
There is no known time limit to 

: this protection. Many tar-enam- 
eled lines have been in service for upwards of fifty yeafs. 

Coal-tar enamel provides the smoothest surface obtainable, 

assuring high flow coefficients year after year. Coatings and 

wrappings protect the pipe exterior from abrasion, moisture, 


acids and alkalis. 


SHOP FABRICATED. . . Remember, too, that welded 


-—7— steel pipe is fabricated in permanent 


F shop buildings, using permanent 

| FS production equipment and a per- 

ae manent working force. Bad weather 

doesn’t halt operations; freezing temperature can’t effect 

product quality. There’s no doubt of it: you get the maxi- 

mum assurance of a top-notch product, delivered on time, 
when you use Bethlehem Steel Pipe. 


WIDELY USED. . .Large-diameter steel pipe is the 


growing choice of planners 
of municipal and industria] 
water systems. Some recent 
users of Bethlehem Steel 
Pipe are: New York City, 
New Orleans, Philadelphia, Savannah, Reading, Cincinnati, 
Atlanta, Omaha, Worcester, Colorado Springs and Boston. 
Further proof of the superior qualities of steel pipe is its use 
in thousands of miles of large-diameter gas and oil lines, 
as well as in high-pressure penstocks throughout the world. 
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As this chart shows, steel pipe can withstand at least three times 
the calculated maximum allowable working pressure before bursting. 
THEORETICAL INTERNAL PRESSURES OF STEEL PIPE 


1/4 in. 5/16 in. 3/8 in. 7/16 in. 1/2 in. 


MAX MIN MAK MIN MAK est MAX MIN MAX MIN 
WRK wrk BURST SHIP wrk SHIP wrk BURST sHiP wrk BURST 

PRESS PRESS PRESS wr wr PRESS PRESS wT PRESS PRESS 
Psi Psi Psi Psi Psi Psi Psi Psi Psi 











445 555 | 1735 665 775 | 2430 890 
400 500 | 1560 | 700 | 2180 800 
365 465 | 1420 640 | 1985 730 
420 | 1300 585 | 1820 665 
340 | 1040 475 | 1455 
280 395 | 1210 
240 335 | 1040 
290 | 910 
260 | 810 
200 235 | 730; 330 
306 | 170 | 520 195 | 605 | 405 
346 | 145 | 450 170 | 520] 460 
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The r ded mini wall thickness is approximately the pipe diameter 145 455 524 520 
divided by 165. Pipe having this diameter-thickness ratio, when backfilled | 
and properly tomped, will withstand any depth of cover. *605 150 465 

For buried pipe, the recommended minimum thicknesses are shown im- 


mediately above heavy black line. *656 | 135 | 415 












































*Under certain conditions stiffeners may be required to reduce deflections. 


tx Ts 


r 
r = radius of pipe, in. Based on use of ASTM A-283, Grade B Steel, 50,000 psi min. ultimate tensile strength 


P = internal pressure, psi t = thickness, in. Ts = allowable unit stress = 60% x 27,000 (yield point) = 16,000 psi 





Informative picture-story booklets, describing the installation 
of recent water-pipe projects are available to you without 


charge or obligation. Copies can be obtained from the nearest 
pe Bethlehem district sales office or by writing to Publications 


| to Department, Bethlehem Steel Company, Bethlehem, Pa. 
1s 
Book e *# @ Ramapo Force Main, New Jersey; 25,000-ft line of 72-in. 
pipe. Booklet 402. 
* @ Northwest Pumping Main, Reading, Pa.; 37,000-ft line of 
; 30-in. and 36-in. pipe. Booklet 408. 
@ Lancaster, Pa., Water Main; 55,500-ft line of 42-in. pipe. 
Booklet 431. 
@ P.P.&L. Co. Flow Line, Hawley, Pa.; 8,500-ft line of 14-ft 
8-in. pipe. Booklet 432. 
@ Industrial Water Main; Sparrows Point, Md.; 23,800-ft line 
of 96-in. pipe (please describe by name). 


And for further information about Bethlehem Tar-Enameled Steel Pipe, kindly consult the nearest Bethlehem sales office as listed belou 


BETHLEHEM STEEL COMPANY 


GENERAL OFFICES: BETHLEHEM, PA. i 
SALES OFFICES: gem 


Akron Cincinnati Houston New York St. Paul Z 
Albany Cleveland Indianapolis Philadelphia Syracuse iL 

Atlanta Columbus Jacksonville Pittsburgh Toledo “ 
Boston Dayton Milwaukee Richmond Washington 
Buffalo Detroit New Haven Springfield, Mass Wilkes-Barre § [ 


Baltimore Dallas Johnstown, Pa. Providence Tulsa 
Chicago Greensboro, N. C. New Orleans St. Louis York 


RW Ny 


Sw |g 


On the Pacific Coast Bethlehem products are sold by BETHLEHEM PACIFIC COAST STEEL CORPORATION 
Sales Offices: San Francisco, Los Angeles, Portland, Seattle, Spokane, Phoenix 
Export Distributor: Bethlehem Steel Export Corporation, New York 


Y 
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minutes or less. We also use an air- 
operated saw. Fig. 6 illustrates these 
the pipe 


saws have great versatility and 


Saws set up on Chese par 
ticular 
suitable cutting pipe from 10- 


to and 


including 60-in, diam- 

air-powered Wachs saws 
cut a cast iron pipe of any thick 
na number of minutes equival- 


» the diameter of the pipe 


Disposal of Waste Water 


In the past it has been difficult at 
times to properly prepare for disposal 
of the quantity of wash water result- 
ing when large diameter mains were 
cleaned in city streets. We have de- 
veloped a technique, using line caps 
and small size valves, to hold to a 
minimum the quantity of water to be 
this 


disposed Oo 
means, the total discharge from a 24 


handled by 


discharge lines 


f at the exit point. By 


ne, is easily means 


Radio for Operations Control 
Another modern practice in water 
main cleaning is the use of two-way 
radio to control the operation. Two- 
radio has been so highly devel- 
so successful that we 
how jobs presently considered 
routine could have been handled with- 
out the use of radio in the past. Posi- 
tive and instantaneous control of hy- 
draulic grades by two-way radio dur- 
yr the water main cleaning has 


proven to be advantageous. 

[he combined use of the line cap 
and discharge lines with two-way ra- 
dio control allows the line to be fully 
charged at all times, and the speed 
of the machine is regulated by the 
amount of opening of the discharge 
valves. One of the hazards, that of 
the possibility of collapsing the pipe, 
has been completely obviated; thus, 
the use of this method of cleaning 
allows water mains to be cleaned even 
though the head of water is exceed- 
ingly high 

In the past, large diameter ma- 
chines were awkward and jacking 
the machine into the main was a time- 
consuming, laborious process. An 84- 
in. cleaning tool may now be jacked 
into a steel main, using a modern, 
long-stroke hydraulic jack. This oper- 
ation has been reduced to a matter 


orn utes 


W.&S.W REFERENCE & DATA—1957 


CUTTING PIPE. (Left) Fig. 5—High-cycle electric motor A. P. Smith units. (Right) 
Fig. 6—Air-operated Wachs saws will cut all C. |. Pipes. 


DEBRIS REMOVED. Fig. 7—This quantity of material resulted from cleaning 7,000 feet 
of 24-in. main at Lynbrook, N. Y. 


Cleaning and Lining Experience 


Illustrations of the interior of wa- 


ter mains prior to, and after cleaning, 
ippear in Water & Sewage Works 
Ref. and Data No., May 1954, pages 
R-23 to R-32. 

The quantity of material removed 
from 7,000 feet of 24-in. cast iron 
main on a job at Lynbrook, Long 
Island, N. Y., is illustrated in Fig 7. 

Where there has been deteriora- 
tion of the original pipe, serious con- 
sideration must be given to rehabilita- 
tion by means of a cement-mortar 
pipe lining, which not only will pre- 
serve the coefficient of carrying ca- 
pacity, but will stop leaks. This con- 
sideration applies to graphitic corro- 
sion in cast iron mains as well as to 
the deterioration of steel mains. 


It has been very general experience 
that, unless corrective chemical treat- 
ment is instituted, a pipeline coeff- 
cient will be reduced more rapidly 
after cleaning than its previous rate 
of reduction. This is unquestionably 
caused by inability to do a good job 
of cleaning without seriously damag- 
ing the already penetrated original 
interior protective coating. 

Once the original paint, tar, or 
asphalt coating applied to new pipe 
at the factory has been penetrated, 
comes in contact with the 
metal and tuberculation The 
effect of tuberculation on carrying 


water 
starts. 


capacity during times of rising de- 


mands, and the resulting need for 


main cleaning, have been described. 





Installing 


ioe v. %. 


| centrifugally cast iron 
| pipe for a water dis- 
tribution system 


Section 


of 36" 


cast 


iron outfall sewer in- 
stalled on concrete 


CAST IRON PIPE FOR WATER SERVICE 


The practice of using cast iron pipe for water service 
started in Europe around 1455 and around 1820 in this 
country. This practice has continued down through 
the years and it is still the most widely used type of 
pipe for water distribution systems. The most desir- 
able combination of strength and long life has made 
and still makes the use of cast iron pipe the most eco- 
nomical in the long run. Our strategically located 
foundries are well equipped to furnish cast iron pipe 
and fittings in sizes starting at 2-inch for intakes, 
pump stations, filtration plants, supply, feeder and dis- 
tribution mains. 


piers 


CAST IRON PIPE FOR SEWERAGE SERVICE 


Cast iron pipe and fittings have a wide application in 
the sewerage field. They have three outstanding prop- 
erties: 1. tight pressure type joints that prevent infil- 
tration, 2. beam strength, compressive strength and 
bursting strength to withstand severe installation con- 
ditions, 3. long life and resultant low amortization 
charges that have been proven by years of satisfactory 
service, 

Cast iron pipe and fittings in sizes 2-inch and up can 
be furnished for flow lines, pressure mains, siphons, 
stream crossings, outfalls, pumping stations and treat- 
ment plants. 


U. S. "TYTON JOINT" PIPE 


The newly developed TYTON JOINT for U. S. cast iron pipe is 
simple, sturdy and tight. It has only one accessory—a circular rubber 
gasket which is modified bulb shape in cross section. TYTON JOINT 
is easily made up by placing the gasket in the socket and then lubri- 
cating the inside surface of the gasket. The entering spigot is pushed 
past the gasket until it makes contact with the base of the socket 
compressing the gasket between the outer surface of the spigot and 
the gasket seat of the socket. The result is a joint that will remain 
tight at pressures in excess of test pressures required by pipe speci- 
fications. 


TYPES OF PIPE AVAILABLE 


Our cast iron pipe centrifugally cast in metal molds 
is manufactured in accordance with American Stand- 
ard Specifications A21.6 or Federal Specification WW- 
P-421a. Pit-cast pipe is made to conform to American 
Standard Specifications A21.2. 


Fittings (bell-and-spigot) can be furnished in accord- 
ance with American Standard Specifications A21.10 
for the short-body type 3-inch to 12-inch, also 
A.W.W.A. Specifications C100 3-inch to 60-inch for 


Standard Specifications Class 125 (B16.1) and Class 
250 (B16b) or long-body A.W.W.A. type. 


Mechanical joint for cast iron pipe and fittings is made 
in accordance with American Standard Specifications 
A21.11. Pipe and fittings can be furnished with ce- 
ment lining in accordance with American Standard 
Specifications A21.4 or manufacturer’s standard. 


“Tyton Joint” pipe, roll-on joint pipe, flexible joint 
pipe, flanged pipe and plain end pipe are made to 


the long-body type. Td : 
8 y "YP standard or manufacturer’s specifications, whichever 


are applicable. 


UNITED STATES PIPE AND FOUNDRY CO. 


General Office: Birmingham 2, Alabama 


Fittings (flanged) are made to conform to American 


U.S. 


cast iron 


PIPE 


SALES OFFICES 
Pittsburgh 
Kansas City 


Seattle 


Syracuse 


Burlington San Francisco Cleveland Minneapolis 


New York 


Birmingham 


Chicago Boston Dallas Houston Los Angeles 


Champaign Cincinnati Clearwater Denver 
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Johns-Manville 


Manufacturers of “Transite” Pressure Pipe 
22 EAST 40th STREET 


NEW YORK 16, N. Y. 


OFFICES IN ALL LARGE CITIES 








W 


Here’s How TRANSITE PRESSURE PIPE 
with the Ring-Tite Coupling 


Meets These 7 Basic Water Line Problems. . . 





&5.W 


F YOU are faced with some 
I of these 7 common water-line 
problems, here is information about 
Johns-Manville Transite® Pressure 
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or all 


/, Handling costs: 


Because it is light in weight and easy 
to handle, 
keeps handling costs down 


Transite Pressure Pipe 
Loading, 
unloading, and all other subsequent 
handling are simplified 


More footage can be hauled per truck 


operations 


load—reducing trucking costs—and 


2. Installation costs: 


Transite Pressure Pipe’s light 


weight, easy handling and fast, ac 


curate Ring-Tite® Coupling simpli 


fy assembly and save time every 


It may be installed 
difficult 


perature and terrain conditions 


step of the way 
under tem 


The 


even weather, 


3. Soil corrosion: 


Two factors give Transite Preasure 
Pipe exceptional resistance to corro- 
(1) the corrosion-resistant mate- 
riala of which it is made; the 
especially developed Johns-Manville 
process of manufacture which imparts 
a high degree of chemical stability to 


sion 


(2) 


Pipe that may be of help to you... facts 
that tell how this modern asbestos- 
cement pipe is helping to solve these 
problems in many communities, 


distribution along the trench is easier 
and more quickly accomplished. More- 
over, mechanical handling equipment 
is not necessary except where larger 
sizes are being used; the pipe sections 
are easily lowered into the trench with 
rope slings 


laying crew can install the pipe as 
fast the trench is opened, This 
means less time on the job, appreci 
ably Only a few quick, 
sure steps are required to connect 
pipe with the Ring-Tite Coupling 
with the assurance of tight yet al 
ways flexible joints, 


as 


lower costs 


the finished pipe. This high resistance 
to corrosion has been substantiated 
by numerous installations. Many of 
these are serving as replacements in 
soils so destructive that the useful life 
of the pipe materials previously used 
had been seriously curtailed, 








4, Internal corrosion: 


Transite Pipe, because of its asbestos- 
cement composition, is not affected by 
tuberculation. Therefore, it is not nec- 
essary to resort to pipe of larger di- 
ameter to offset the internal effects of 
this costly form of pipe corrosion. And 
because progressive reduction of de- 


livery due to tuberculation capacity 
is never a problem in a Transite pipe 
line, pressures and flows remain high— 
pumps operate at higher efficiencies. 
These factors are often reflected in 
better service and lower water rates in 
communities served by Transite lines. 


5, Underground water losses: 


The Transite Ring-Tite method of 
assembly gives to municipal water 
systems the ultimate in locked-in 
tightness and a completed pipe line 
that assures the utmost in full, free 
flow of water under pressure. With 
the Ring-Tite Coupling, rubber rings 
are simply, speedily “smoothed” into 


grooves in the Transite sleeve. This 
simple act “spots” them easily and 
accurately in exact position, ready 
for assembly, and once in the groove, 
they’re there to stay. The Ring-Tite 
Coupling is designed to stop auto- 
matically in the correct position to 
form a tight yet flexible seal. 


6. Vibration and stresses: 


Not only is the Ring-Tite Coupling 
designed to stop in the correct posi- 
tion for tightness; it also stops in 
just the right position for separa- 
tion of pipe ends within the joint. 
This means that the coupling auto- 
matically provides for expansion, 
possesses the flexibility to relieve 
line stresses in service. The flexible 


7. Maintenance: 


In thousands of communities, Transite 
Pipe—with its advantages of joints 
that remain tight and flexible, its cor- 
rosion resistance, and immunity to 
tuberculation— provides low-cost 
water transportation that requires 
little, if any, maintenance. Transite 


joints effectively absorb the vibra- 
tion of heavy traffic, especially im- 
portant where pipe is laid under 
busy highways or near railroad and 
street car tracks. Deflections up to 
5° at each joint permit laying pipe 
around curves without special fit- 
tings. 


lines do not have to be cleaned, lined, 
or replaced because tuberculation has 
reduced their original capacity. Re- 
ports from communities all over the 
country prove that Transite’s asbes- 
tos-cement structure provides econo- 
mies that continue through the years. 


... the advantages of a complete, nationwide TRANSITE PIPE ORGANIZA- 
TION. The facilities of this organization include more than 250 field represen- 
tatives with headquarters in 58 cities. It also comprises a staff of competent 
installation instructors who explain recommended installation practices to pipe- 
laying crews. 


This J-M service is an important factor in helping to assure the installation econ- 
omies as well as the long-term overall economies that go with Transite Pressure 
Pipe. The work of this field organization is a vital part of the helpful Transite 
Pipe service which J-M offers the water works industry. 


DIMENSIONS AND APPROXIMATE WEIGHTS OF TRANSITE PRESSURE PIPE 
Transite Pressure Pipe is available in seven sizes from 4" through 16” and in three working classes—100, 150 and 200. 





Class (maximum Equivelent 


recommended tend, test 


working pressure, 


Nominal inside diameter, in. 


8 10 12 





of woter 


psi) 


Pounds per linear foot including Ring-Tite Coupling 





100 231 
150 346 
200 462 


15.8 i 21.8 29.7 
19.9 32.0 | 43.8 
23.9 | 37.2 51.7 
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S. MORGAN SMITH COMPANY 


York, Penna. 


Representatives in— 


Charlotte, N.C. 
Chicago 
Cincinnati 
Cleveland 
Dallas 


Denver 


Detroit Milwaukee 
El Paso 
Houston 
Indianapolis 
Kansas City 
Los Angeles 


Albuquerque 
Amarillo 
Arlington, Va 
Atlanta 
Baton Rouge 
Boston 


New York 
Omaha 


Minneapolis 
Newton, lowa 


Philadelphia 


Bogota (Colombia) 
Caracas (Venezuela) 
Honolulu (Hawaii) 
Panama, R. P. 

Paris (France) 
Toronto (Ontario) 


Seattle 

Syracuse 

Tampa 

Temple City, Cal. 
Tulsa 

Wilmington 


Pittsburgh 
Portland, Ore. 
Rochester, N. Y. 
St. Louis 

Salt Lake City 


San Francisco 


Affiliate: S. Morgan Smith, Canada, Limited, Toronto 


SMS VALVES FOR DEPENDABLE ECONOMICAL SERVICE 


R-S AND SMS BUTTERFLY VALVES 


MORE COMPACT and lighter in weight than most types. 
They permit concise layouts with direct savings in con- 
struction and in-place costs. Valves are made in all mate- 
rials that can be cast or welded. Metal-seated valves can 
be built to operate over any range of temperature, either 
sub-zero or elevated. Babbitt or rubber seats meet a wide 
range of pressure and closure conditions. Rubber-seated 
butterfly valves are drop tight at 125 psig through a 
temperature range from plus 200°F to minus 20°F. 
COMPLETE CONTROL in all positions of normal regu- 
lating range. The valve can be equipped with positioner 
to simulate a straight linear or semi-log characteristic. 
ALL TYPES of operators are available. Closure time can 
be furnished from | second to 10 minutes or more to meet 
operation needs. 


MINIMUM PRESSURE DROP SAVES POWER. In open 
position the streamlined valve disc simulates a Venturi 
action. Pressure drop is less than in many other valve 
types resulting in substantial savings in pumping power. 





A 50# rubber-seated valve with totally-enclosed manual operator. 
R-S rubber-seated valves have a tough, resilient rubber seat which 
positively seals the disk periphery and shaft bosses. 


SMS-ROTOVALVES FOR RUGGED SERVICE... 


THE ROTOVALVES' full line opening offers no more resistance 
than a straight piece of pipe of the same diameter. Less re- 
sistance means less head loss for the lowest pumping costs ob- 
tainable. SMS-Rotovalves are the proven answer to many con- 
trol problems. The principle of hydraulic imbalance assists clos- 
ing for faster, easier operation. One Rotovalve can often 
replace two or more conventional valves for faster, more posi- 
tive closure and control of water hammer. 


WEAR FACTOR is negligible with Rotovalves. In operation 
the conical plug first lifts, then rotates, finally reseats in either 
open or closed position. This action ensures tight, positive 
seating throughout valve life by avoiding wear and abrasion 
at the valve seats. 





SMS BALL VALVES GIVE STRAIGHT-THROUGH FLOW 


BALL VALVES are similar in flow characteristics to SMS- 
Rotovalves. They do not seat in the open position, and 
have slightly greater head loss than Rotovalves. 


TIGHT CLOSURE is assured by the wedging action of 
the metal-to-metal seats. 


EASE OF OPERATION results from tremenc'ous leverage 
and the fact that flow velocity tends to ease closure. 


SMS BALL VALVES provide across the board economy— 
lower first-cost, lower pumping costs and extended line 
and valve life. 
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Selecting Valves for Water Service 


N water works systems located on 

the banks of large rivers or the 
shores of lakes where the terrain is flat 
and where water can be distributed 
through one large, well developed net- 
work in one pressure zone, the appli- 
cation of valves and other mechanical 
devices has evolved into a fairly stand- 
ardized and comparatively simple pat- 
tern. The East Bay Municipal Utility 
District is not so fortunate, because its 
213 sq mile service area, in which it 
furnishes 129 mgd to 1,000,000 peo- 
ple, varies in elevation from sea level 
to 1,552 ft. The bulk of the water must 
be transmitted from the main catch- 
ment area in 65-in. and 68-in. pipelines 
for a distance of approximately 95 
miles. The service area is bisected by a 
main ridge of hills, with branch spurs 
and steep canyons projecting into the 
sides, and several other hill systems 
are also present. 

Water works valves can be classified 
in several ways. One method would be 
to differentiate between isolating and 
operating valves. An isolating valve is 
a device for blocking off a section of 
pipe in a grid system or protecting op- 
erating valves or pumping units, so 
that inspection or maintenance can be 
carried out without removing them 
from the line. An operating valve is 
one that is used frequently for start- 
ing, stopping, or regulating flow or 


Fig. 1. NEEDLE type surge supressor. 


by LESLIE PAUL 


Supervising Mechanical & Electrical Eng 
East Bay Municipal Utility District 
Oakland, Calif 


neer 


for regulating pressure. 

In this paper, valves are divided into 
seven principal categories : sluice gate, 
needle, check, butterfly, plug, globe, 
and gate. There are other types of 
valves — such as shear gates, mud 
valves, tide or flap valves, and hydrant 
valves—which are designed for special 
applications where selection of type is 
not a matter of judgment. 


Sluice Gates 

Sluice gates are used principally on 
inlet or outlet pipes entering reser- 
voirs, on the side openings of reservoir 
control towers, and on flume and canal 
systems where a throttling or shutoff 
device immersed in the water must 
take pressure on one side of the leaf 
only, so that pressure tends to seat the 
gate. 

Some sluice gates are installed so 
that pressure forces the leaf away 
from the seat, tight shut-off depend- 
ing on the jamming of the leat against 
the seat by the wedges. 

Sluice gates are obtainable with 
both rising and nonrising stems, but 
the use of the latter should be discour- 
aged. The threaded section of a rising 
stem, being out of the water, serves 
as a position indicator and can be made 
of steel. It can be lubricated and no 
torsional stresses are transmitted to 
the disc and guides. In the nonrising- 


stem type, the working parts are im- 
mersed in water and cannot be lubri- 
cated. The operating nut, rigidly fas- 
tened to the disc, and the operating 
stem must be made of bronze. In oper- 
ating the gate, the torsional stresses 
applied to the stem are transferred to 
the disc and guides. If a sluice gate of 
this pattern is operated infrequently, 
the threads of the stem and nut tend 
to freeze together and the extra tor- 
sion necessary to loosen them may 
break the stem at its point of greatest 
weakness, the inner end of the 
threaded section. 

Sluice gates manufactured by old, 
established firms are practical, quality 
products, standardized to cover a wide 
range of sizes and pressures. The 
structural features are well designed 
and proportioned. 

\ sluice gate assembly is no strong- 
er than its weakest part. Very often it 
is the bolting that shows up badly, 
especially where conditions for setting 
up galvanic couples are favorable. 
These may exist where a sluice gate 
frame is bolted directly to a concrete 
wall, especially if the bolts are in con- 
tact with reinforcing steel. In that 
event, the steel part imbedded in the 
concrete will tend to destroy electro- 
lytically the part not so imbedded, the 
nut deteriorating first. Bolts in contact 
with bronze parts should be of silicon 


Fig. 2. LARNER-JOHNSON needle type valve (usually controlled hydraulically). 
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bronze or equal, to prevent such cor- 
rosion. The bolting should be as dur- 
able as the castings, and under no cir- 
cumstances should a steel nut be used 
on a bronze bolt, or a brass or bronze 
nut on a steel bolt. 

Various kinds of copper alloys are 
being sold as bronzes. Some of these 
are not bronzes but different degrees 
of high-zine brasses, although insidu 
ously, they all look alike. The word 
“bronz should not be used indis- 
to cover all metals with 
It is important that 
composition of bronzes be de- 
and specified within given 
limits, in accordance with ASTM or 
other standards rather 
than by a manufacturer’s trade name. 
The manufacturer should be willing 
and able to comply with ASTM or 
similar requirements. 

Valve manufacturers favor certain 
so-called bronzes for reasons of ma- 
chinability, cost, and tradition. Many 
are not bronzes but high-strength, 
leaded, yellow brasses with high zinc 
content and thus are susceptible to de- 
zincification in waters. Hence, 
such alloys should be avoided in writ- 
ing valve specifications if better ones 
are available 

When sluice gates are infrequently 
operated, and especially when they are 
not readily accessible, the gate and 
guide tongues and grooves should be 
covered or lined with low-zinc bronze, 
stainless steel, or Monel metal. All 
sliding, rubbing, or wedging surfaces 
should be bronze to bronze, stainless 
steel to stainless steel, or Monel metal 
to Monel metal. 

The safety factor is important in 
selecting a sluice gate frame for use in 
waters that cause graphitization, espe- 
cially if the commonly employed 
ASTM A126, Class B, cast iron is to 
be the frame material. A safety factor 
of five should be an absolute minimum 
for cast-iron parts subjected to pre- 
dictable stresses. Sluice gate frames 
can be flexed very easily, so that bolt- 
ing and wedging action may produce 
higher stresses than anticipated if the 
original installation results in improp- 
er frame warping. For guide sections 
and bolting subjected to wedging ac- 
tion, the safety factor should be much 
higher, probably not less than fifteen. 

The most satisfactory sluice gate 
installations are those which are 
flanged and bolted to a flanged wall 
thimble embedded in the concrete 
structure. This arrangement makes in- 
stallation easy, eliminates warping of 
the frame, and permits removal of the 
gate without disturbance to the mason- 
ry. Gates that are bolted to the ma- 
sonry are easily warped, as masonry 
surfaces can never be built true and 


criminately 
a yellow color 
the 
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recognized 


some 
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Fig. 3. TILTING-DISC check valve. 


flat like a machined metal surface, 
and water leakage between the frame 
and the masonry can erode away 
enough concrete to make the installa- 
tion ineffective as a water stop. 


Needle Valves 

Needle valves (Figs. 1 and 2), in 
the smaller sizes, are used principally 
for fine regulation of flow through 
pilot control mechanisms, because a 
large movement of the hand wheel re- 
sults in only a slight movement of the 
needle with relation to the valve seat. 
These small, hand-operated valves re- 
semble the globe type, except that, in- 
stead of a disc, a streamlined or 
tapered plug fits into a ground seat. 
The fluid flows around the plug and 
through the seat. 

In the larger sizes, needle valves 
have a variety of applications. An im- 
portant one is the throttling and con- 
trol of free discharge from reservoirs 
and pipelines. Medium-size valves are 
operated mechanically in various ways, 
but the large sizes are usually con- 
trolled hydraulically by the internal- 
differential method. Because the fluid 
must flow longitudinally around the 
outside of the plug, the hydraulic- 
power elements and the working parts 
are buried within the body of the 
valve. A disadvantage of this arrange- 
ment is the comparatively high weight 
of the valve for any given size. Means 
of getting around this difficulty have 
received much study, especially by the 
US Bureau of Reclamation and some 
of the big power companies that use 
these valves in very large sizes. The 
3ureau of Reclamation has improved 
on the internal-differential valve with 
what it calls a tube valve, but needle 
valve design seems to be in a contint- 
ing state of modification. (The East 
Bay system has 22 needle valves, rang- 
ing in size from 6 in. to 72 in., all pur- 
chased from the same manufacturer. ) 

The cylinder gate represents an in- 
teresting attempt to overcome one of 
the disadvantages of the needle valve 
by making the working -parts acces- 


sible on the outside of the valve. The 
plug or needle remains stationary, with 
the point upstream, and a cylinder is 
drawn back in the upstream direction, 
which uncovers four ports, causing 
wide-angle discharge. Where wide- 
angle discharge is undesirable, a hood 
can be built to confine the normal ex- 
pansion of the jet. This valve is ca- 
pable of discharging a greater quan- 
tity of water than conventional needle 
valves of the same nominal diameter. 

The needle valve is sometimes used 
to regulate flow or pressure in a pipe- 
line, but, when repairs are necessary, 
the valve body must be removed from 
the line. (Two of the East Bay needle 
valves are 6-in. pressure regulators. ) 

The sleeve valve is another attempt 
to avoid some of the difficulties of the 
needle type installed in pipelines. For 
maintenance or repair, the body and 
working parts of the sleeve valve can 
be lifted out of the line without break- 
ing the flange connections to it. 

Needle valves may be used as check 
valves on pump discharges where con- 
trolled speed of closing is essential or 
where the flow must be throttled to a 
given raté. (East Bay employs one 
18-in. and three 24-in. conventional 
needle valves and three 30-in. sleeve 
valves for this purpose. ) 


Check Valves 


In spite of claims by manufacturers 
and their sales representatives, there 
is no such thing as a check valve that 
“eliminates water hammer.” The ef- 
fect of water hammer may be miti- 
gated by the speed of operation of a 
certain type of valve under a given 
set of conditions, but no valve ever 
nullifies it entirely. Furthermore, a 
check valve that works well under the 
conditions imposed by one installation 
may not work well in another installa- 
tion. When the velocity of a column of 
water moving in a pipe is changed, al- 
ternating waves of high and low pres- 
sure will travel back and forth in the 
line. Although the check valve may aid 
in reducing the effect of surge on the 
pipe system, it may through its own 
action, create a worse wave system 
that can be damaging to the line. The 
primary purpose of a check valve is to 
prevent reversal of flow. Any of the 
valve types common in the water 
works industry can be adapted for this 
purpose ; but, under differing hydraul- 
ic conditions, one type may be better 
than the others. 

Of the many check valves on the 
market, the most familiar is the swing 
check (Fig. 3). It can be single 
hinged, lever and weight loaded or 
spring loaded. With either of the last 
two designs, the loss of head will be 
increased, because the leaf will be 








Closed 


Fig. 4. BASKET type check valve (a check valve that closes very rapidly) . 


forced down into the stream and the 
effort necessary to force the valve 
open will be greater. If, in order to 
reduce loss of head, a larger valve is 
selected for a given flow, the velocity 
will be less and the valve will not 
open as far. Conversely, if, in order 
to get the valve open, a smaller valve 
is chosen, the velocity will be higher 
and the loss of head will be greater. 

If the hinge pins are made of yellow 
brass, the flap will eventually drop off, 
because dezincification and friction 


will combine to ruin the valve. 
he great disadvantage of this type 


of valve is lack of control over the 
time of closing. Swing checks are suc- 
cessfully used in numerous manually 
operated pumping plants where the 
pump is started against closed gate 
valves. In such instances, the only haz- 
ard is power failure which may cause 
the check valves to close, with result- 
ing shock. Swing check valves also 
work satisfactorily in pumping plants 
connected to well developed grid sys- 
tems, provided only one pump is oper- 
ated. If a second pump is utilized in 
parallel with the first, the stopping of 
one may cause a damaging metal-to- 
metal slam on its check valve, but with- 
out propagating a water hammer 
wave. 

Some engineers do not trust the 
newer types of check valves, prefer- 
ring to rely on the old-fashioned 
swing check. When they encounter 
water hammer troubles, they add air 
domes, requiring periodic air replen- 
ishment, or surge pipes, relief valves, 
or other auxiliary devices that take up 
valuable space and demand extra 
maintenance effort. Such arrange- 
ments may solve specific problems, but 
they are often unnecessary if one piece 
of well chosen equipment will do a 
comparable job. 

In transmission pumping plant lines, 
where the time of acceleration or de- 
celeration of the water column can be 


measured, a very fine type of check 
valve to use is a hydraulically operated, 
nonlubricated plug valve. In shutting 
down a plant of this sort, the valve can 
be so controlled as to close completely 
at the instant that the velocity of 
the water column becomes zero, 
while, in starting the plant, the speed 
of opening can be slowed down, so that 
the compression wave which builds up 
at the pump when the column is accel- 
erating is reduced to a minimum. 

The hydraulically operated internal- 
differential needle valve previously 
mentioned can serve a triple purpose 
as a throttling, check, and pump con- 
trol valve. The so-called sleeve valve, 
which is a modified needle type also 
described earlier, is often used for this 
purpose. 

lf a plug or needle valve is used on 
a pumping installation where the dis- 
charge line is very short, it may not be 
possible to close the valve before the 
flow of the column reverses direction. 
In this situation, the valve must be 
closed very slowly, allowing the pumps 
to rotate in reverse. There are some 
pumping plants which operate in this 
manner. Such valves should not be 
used if there is a possibility that the 
shaft sleeves on the pump will unscrew 
during reverse rotation. 

In a pumping installation where the 
characteristics of the distribution sys- 
tem require a check valve that closes 
very rapidly, the basket type, with an 
expanding elastic “Hycar’’* sleeve, 
does an excellent job (Fig. 4). These 
valves are marketed in sizes up to 12 
in. Those used at East Bay are plastic 
lined on the inside. One advantage 
of this valve is lack of direct con- 
tact between different metals. 

There are 65 of these checks in the 
East Bay system. 

In an automatic pumping installa- 
tion where the pumps must be started 


*A trade name of B. F. Goodrich Chemi- 
cal Co., Cleveland, Ohio 


and stopped against closed valves with 
a regulated speed of opening and shut- 
ting, East Bay has successfully utilized 
a solenoid-actuated, diaphragm-oper- 
ated, globe pattern valve with the con- 
trols built into the assembly (Fig. 5). 
Internal parts are bronze and the free- 
floating disc that is pressed up against 
the head by line pressure has a hollow, 
stainless-steel stem which slides on a 
spindle guide so that, in the event of 
power failure, the disc drops to the 
closed position almost at the instant 
that the water column attains zero 
velocity and before it can reverse. In 
that respect, this valve is superior to 
the spring-loaded or lever-and-weight 
swing check and the loss of head is no 
greater. (There are 36 electric check 
valves, sizes 4-16 in., in the East Bay 
system. ) 

In situations where swing checks 
used as dividing valves for combina- 
tion gravity and transmission pumping 
to a reservoir give trouble, slow-clos- 
ing, diaphragm-operated, globe checks 
have proved to be very successful 
shockless substitutes ( Fig. 6). 

The first automatic pump contro] 
valves used at East Bay, in the late 
1930's, were gates. At that time it was 
suggested to some gate valve manufac- 
turers that, because there was a trend 
toward automatic pump control, it 
might be well for them to market an 
assembled, hydraulically operated, so- 
lenoid-controlled gate. The suggestion 
was rejected on the grounds that the 
factories were set up for quantity pro- 
duction of gate valves and were not 
organized to handle economically a 
specialty that did not promise a steady 
volume of consumer demand. 

This refusal led to a search for sub- 
stitutes, and the need for a self-con- 
tained automatic pump control valve 
has been satisfied by the makers of 
other types of valves, who could start 

fresh, without the handicaps of tradi- 
tion. The first pump control gate 
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NRS VALVE GEARED VALVE 


A WIDE RANGE OF VALVES 
FOR YOUR FIRST CHOICE 


The consolidation of two great valve companies with 
a combined experience of more than 165 years devoted 
primarily to the manufacture of water works valves and 
hydrants now provides the most extensive selection in the 


industry. 


A.W.W.A. VALVES AND HYDRANTS: with several types 
of each to choose from, with a complete line of valve 


FIRE HYDRANTS 


ends in every size required and backed by our combined 


engineering, manufacturing and application resources. 
LARGE AND SPECIAL VALVES FOR LOW AND HIGH 
PRESSURE SERVICE: up to 72”, fabricated with the most 
modern foundry and machine shop equipment, recently 
expanded. 

SQUARE BOTTOM VALVES: from 4 to 48”, designed 
and built to stand up under the severe conditions of 


FLOOR F-M automatic operation, throttling and constant opening and 


STAND INDICATOR closing. 
POST : 


LupLow& Rensselaer 
VALVES & HYDRANTS 


Since 1861 THE LUDLOW VALVE MANUFACTURING CO, Troy, N. Y. 
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ACCESSORIES: Where experience counts most—the selec- 
tion of by-passes, automatic, electric or hydraulic opera- 
tion and countless highly specialized equipment for the 


pumping plant. 


TAPPING SLEEVES AND VALVES: up to 48”, that insure 
speed, safety and low costs when cutting valves into the 
lines. 

CHECK VALVES: insure against slam on pump shut- 
downs. Clearway-quiet closing, single disc. Sizes up to 30” 
with or without lever arm and spring. 


AIR VALVES: a combined air-and-vacuum and air release 


valve that allows air to escape when filling the lines and 


air to prevent vacuum when emptying and releases air 


accumulated under pressure. Also used on air tanks, 


booster bowls and turbine pump discharge. 


SERVICE: The names Ludlow and Rensselaer mean the 
same today that they have during your lifetime. The desire 
to serve the Water Works Field in person—in research 
and design and in the selection of original equipment and 
spare parts for all products has not changed. On the other 


hand, our ability to serve has greatly increased. 


MOTOR 
OPERATED 
VALVE 


HYDRANT 


Bulletins available on all 
equipment, replacement parts 
and accessories. 


UDLOW& Rensselaer 
@ssa) VALVES & HYDRANTS 


Since 1861 THE LUDLOW VALVE MANUFACTURING CO. Troy, N.Y. 
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Fig. 5. SOLENOID-CONTROLLED check vaive 
(often used with automatically operated pumps). 














Fig. 6. SLOW-CLOSING globe type check vaive 
(sometimes a substitute for swing checks). 


valves at East Bay wore out in 1-5 
years, depending on how often they 
were operated, whereas pump control 
valves of other types have continued 
in service or have been moved to dif 
ferent plants for further service with 
practically no maintenance work re 
quired on the valve proper. 


Butterfly Valves 


The butterfly valve, in 4 72-in 
sizes, is coming into increasing use in 
general water works practice, while, in 
special installations, sizes up to 14 ft 
This valve possesses a 


are employed 
great advantage in having only one 
moving part. As now built, butterfly 
valves can compete in price with the 
best-quality gate valves, provide tight 
shutoff, minimum mainte 
nance, and have a long service life 
For bubble tight shut-off at pres 
sures less than 125 psi, the synthetic 


require 


or gum rubber lined or seated valve 
is available in three types as a staple 
One type (Fig. 7) in 


market item 


which the dise closes at a 90 degree 
angle to the stream flow has a thick 
mechanically 
stainless 


gum rubber seat fas- 
tened to the valve body by 
steel plates and screws. In another 
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dise closes at an angle to the 


ty pe the 
is cemented 


body and a rubber linet 
or vulcanized to the entire mner sur 
face of the valve body, the liner turn 
ing out at the water way flanges to 
form gaskets at the ends of the valve. 
\ third type, (Fig. 8), which has 
been developed on the Pacific Coast 
within the last two vears, has a disc 
which is rubber mounted at the pet 
imeter and closes against a stainless 
steel ring embedded in the body. The 
disc is offset from the centerline of 
the stub shafts which, in turn are off- 
set from the centerline of the valve 
body so that the dise turns up to the 
seat eccentrically. This latter valve 
has several advantages over the con 
ventional butterfly ; the shaft does not 
penetrate the and the rubber 
seat is easily replaceable on the disc 
without disassembling the whole valve. 
East Bay has 27 of these valves in 
the system ranging in size from 6 to 
24 inch. Since it is at least the equal 
of the conventional butterfly types 
covered by the A.W.W.A. Specifica- 


tions, the specitications should be re- 


seats 


vised to include this new type of but- 
terfly. All three types of rubber seated 
butterfly valve are meeting with ine 


creasing favor in filter plant installa 
tions, 

For pressures higher than 125 psi, 
a variety of metal-to-metal seat at 
rangements, both adjustable and 
fixed, can be obtained with very low 
rates of leakage. Butterfly valves can 
be used wherever any other type is 
employed in water works practice, ex 
cept in pipes requiring a full-size 
round opening through the valves to 
permit the passage of lining or scrap 
ing equipment. 

Butterfly valves may be manually or 
power driven. The low power require- 
ments make it easy to adapt electric- 
motor or pneumatic or hydraulic 
drives of either the diaphragm or pis- 
ton type to these valves. Automatic 
operation can be full oven or shut, or 
infinite position between these two. 
Bodies and discs may be of cast iron 
or cast steel, shafts of stainless steel 
or Monel, bushings of bronze, vanes 
with hard chrome edges, and body 
seats of monel metal, Babbitt metal, 
bronze or stainless steel depending on 
the manufacturer and the 
which the valve is to be put 

Although a longitudinal section 
through a butterfly valve may make it 
appear symmetrically balanced, it ac- 
tually is not. Of the great variety of 
valves used in water works, the serv- 
ice application of the butterfly requires 
the closest scrutiny by both the pur- 
chaser and the salesman. Overeager- 
ness on the part of the latter to sell a 
butterfly valve with a light-weight 
shaft for a service application requir- 
ing a heavier one has resulted in in- 
cidents that have created unjustified 
prejudice against a very fine water 
works device. 

Three basic service applications may 
| l | a closed 
system with a limited pressure drop 
and limited flow, such as at the effluent 
valve from a filter bed; [2] limited 
free discharge, such as in a main break 
downstream from the valve or pump 
discharge to a dry system; and [3] 
full free discharge, such as at a valve 
mounted on the downstream face of a 
dam. In each of these applications, the 
magnitude of the seating, bearing fric 
tion, hydrostatic, 
or flow 


use to 


be classified as follows: 


and hydrodynamic 
torques is different. The 
counter-torque that must be applied to 
the shaft in each instance determines 
the size of the shaft. 

Under some conditions of pressure 
and flow, the shaft and disc would 
have to be designed too thick to be 
practical, and it would be better to 
use the disc-arm valve, a modification 
of the butterfly in which the disc is 
pulled into the open position from the 
outer perimeter by a tension bar link- 
age acting through a stuffing box on 





the top of the valve (Fig. 9). 

There are 26 butterfly valves in the 
East Bay transmission system—two 
42-in. and two 72-in. isolating valves 
that protect free-discharge needle 
valves in the downstream face of 
Pardee Dam; two 72-in. isolating 
valves upstream from the 10,000-hp 
Pardee turbines; nine 60-in. turnout 
valves, for isolating an 8,000-hp and 
a 5,400-hp transmission pumping 
plant (one of these valves has a shaft 
heavy enough to permit closing in the 
stream) ; three 48-in. isolating valves 
on the suction lines of three large 
pumps ; and four 36-in. electrically op- 
erated and four 42-in. hydraulically 
operated butterflies, each linked to an 
18-in. needle valve, at eight automatic, 
synchronous stop and relief valve sta- 
tions established at 20-mile intervals 
in the 65-in. and 68-in. transmission 
lines (the discs and shafting of the 


Fig. 7. RUBBER-SEATED butterfly valve. 
For absolutely tight shutoff at pressures 
of less than 125 psi. 


butterflies are heavy enough for the 
valves to be closed in the stream). A 
break in the line downstream from one 
of these stations would cause an in- 
crease in flow rate, and the venturi 
effect through the restricted opening 
of the valve would create increased 
differential in the float chambers of a 
mercury U-tube tripping a triggering 
device that would start the butterfly 
closing at the same time that the 
needle valve started opening. 

Although butterflies are often used 
as free-discharge valves, other types 
on the market would, more often than 
not, be better suited for this purpose. 
Anyone who has ever been near a 
large butterfly valve discharging freely 
into a downstream pipe section under 
high head while operating through the 
critical point in its opening or closing 
stroke will remember a terrifying ex- 
perience, but, under normal conditions 
in a pipeline, these valves are silent, 
efficient, and easily controlled. 

There are 67 butterfly valves in 
the East Bay distribution system, 28 
with metal seats being designed for 
direct burial in the ground ; 1—54 in., 
9—48 in., 5—42 in., 7—36 in., 2—30 
in., 3—24 in., and 1—20 in. Miscel- 
laneous filter and pumping plants and 
reservoir installations absorb 39 rub- 
ber seated butterflies ; 15—20 in., 8— 
16 in., 4—12 in., 6—8 in., and 4—6 
in. All of these valves are designed 
for closure by one man under total 
pipeline break conditions down 
stream from the valve. The 48 and 
the 42 inch valves are installed con- 
secutively at intervals in long trans- 
mission mains in the distribution sys- 


Fig. S—A THIRD type of butterfly valve. The disc is rubber mounted at the perime- 
ter and turns up to seat eccentrically 
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tem; while some of the 36 and 30 inch 
butterflies are interspersed with gate 
valves in such a way that, in the 
event of a total line break, down- 
stream from a gate, where difficulty 
would be experienced in closing the 
gate, the butterfly could be easily 
closed, either totally or partially to 
reduce the velocity and pressure act- 
ing on the gate. 


























Fig. 9. DISC-ARM pivot valve. This type 
is a modification of the butterfly valve. 


East Bay has a 36 inch cast steel 
butterfly which replaced a gate valve 
worn out in about three months of 
intermittent throttling service. In a 
36-inch line parallel to the line in 
which this valve is installed the au- 
thor watched four of our huskiest 
men take 2% hours to close a 30 
inch gate valve (with bypass, tracks, 
rollers and scrapers). Then one man, 
with ease and in a few minutes turned 
the wheel of the 36-inch butterfly and 
set the desired rate of flow on the 
venturi meter. Hydraulic conditions 
on both valves were approximately 
the same. This 36-inch butterfly 
throttles efficiently and with hardly 
any noise. q 

Butterfly valves are successfully 
replacing sluice gates on reservoir 
outlet towers. Rubber seated butter- 
flies are used where they will always 
be immersed in the water and pro- 
tected from sun light and heat, while 
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ANNISTON, ALABAMA 


(Subsidiary of Walworth) 
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~M & H VALVE AND FITTINGS COMPANY 


rhe letters M & H are the sign of quality on Valves, Hydrants 
and Pipe Line accessories. High quality materials, simplicity 
of design and expert workmanship have established for M & H 
enviable reputation for dependable service in the water works 
and sewage fields and for industrial uses. M & H products 


are modern in design, with many exclusive M & H features. 


M & H VALVES AND FIRE HYDRANTS 


M & H A.W.W.A. Gate Valves are furnished double disc parallel seat, or solid 
wedge, iron body, bronze mounted, non-rising stem, or outside screw and yoke 
\vailable spur or bevel geared and with enclosed grease case, also hydraulically 
or electrically operated 2” to 36”. Low Pressure and High Pressure 
Valves and Square Bottom Valves are an established part of the M & H line. 
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« H Compression Type Hydrants conform to latest specifications of the 
rican Water Works Association. They are available either in standard, flush 

traflic Hydrants with 54” and 614” valve opening are listed 
yy Underwriters Laboratories of Chicago and Associated Factory 
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END CONNECTIONS 


M & H Valves and Hydrants are 
available with Mechanical Joint 
ends, hub ends, flanged, Ring- 
Fluid-Tite Universal 
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ru 
FIRE PROTECTION 


M & H makes a complete line of 
valves, hydrants, indicator posts and 
underground pipe fittings for fire 
protection water systems. All of 
these M & H products are approved 
and listed by the National Board of 
Fire Underwriters of Chicago and 
by the Associated Factory Mutuals 
of Boston. All castings therefore 


are marked “UA—FM.” 
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FLANGED FITTINGS 
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TAPPING SLEEVES AND VALVES 
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Fig. 10. LUBRICATED plug valve. Success- 
fully used as isolating valves in grid 
systems and pumping installations. 


metal seated valves are being used 
above the constant immersion line. 

[he butterfly valve has one great 
advantage over other types in its short 
face-to-face installation length. This, 
together with the fact that, for sizes 30 
in. and greater, a butterfly valve can 
be purchased for less than any other 
kind designed and equipped for com- 
parable water works duty, is a good 
argument for the wider use of butter- 
fly valves in large distribution pipe- 
lines. 


Automatic Stop Valves 

It has been suggested by some civil 
defense authorities that automatic stop 
valves be installed on reservoirs in 
congested areas to conserve storage in 
the event of a disaster in which the 
distribution system suffered serious 
damage. Correspondence and discus- 
sions with many water works men 
have led the author to believe that this 
arrangement would be highly ex- 
pensive and impractical for a distribu- 
tion system. It might even do more 
harm than good in certain types of 
disaster where water may be badly 
needed to put out a fire. 


Plug Valves 
The plug type valve with one mov- 


ing part in the valve proper is familiar 
man, as it 1s 


to every water works 
used in every water service which has 
a service cock tapped into the main 
ind a curb or corporation cock at the 
point of service, commonly upstream 
and just ahead of the meter, if any 
Cocks that isolate gages and other 
forms of instrumentation utilized in 
the water industry are another appli- 


cation for the plug valve. Still another 
is the three- or four-way cock used to 
control pressure on hydraulic cylin- 
ders that operate larger valves. The 
plug valves mentioned are of the dry 
type and are made of brass when used 
in water service. 

An all-iron lubricated plug valve is 
receiving increasing attention trom 
water works operators. It can be ob- 
tained with a plug opening area equal 
to 90 per cent of the nominal area of 
the valve in sizes up to 16 in. In the 
venturi pattern, it is furnished in 
nominal sizes up to 30 in. A 30-in. 
venturi pattern valve would have a 
plug opening area approximately equal 
to that of a circle of 19-in. radius; a 
24-in. valve, 15-in. radius ; and a 20-in. 
valve, 13-in. radius. Thus, the venturi 
pattern plug valve would have approx- 
imately the same opening area as a 
butterfly valve of the same nominal 
size and pressure rating. 

The lubricated plug type (Fig. 10) 
is successfully used by some plants as 
an isolating valve in grid systems and 
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pumping installations. East Bay em- 
ploys about 75 such valves, in various 
sizes, for this purpose in pumping 
plants and other automatic installa- 
tions, and about fifteen, in the 16-, 
20-, and 24-in. size, as turnout valves 
from transmission lines. A 24-in. anda 
30-in. plug are used as remote super- 
visory control water-dispatching 
valves, electrically operated and con- 
trolled through leased telephone lines 
from a central dispatching point 12 
miles away. Another 30-in. plug is 
used as a float-controlled, hydraull- 
cally operated altitude valve. A 16-in., 
90 per cent open, manually operated 
plug is doing a fine job as a throttling 
valve under very conditions. 

This valve has been preceded in 
service by a 16-inch gate valve which 
wore out in three months and by a 
16-inch bottom gate which 
wore out in \fter 
over four years the lubricated plug 


severe 


square 
less than a vear. 
was removed for inspection and found 
to be in excellent condition with only 


a few small cavitation pits on the 


Fig. 11. NONLUBRICATED spherical piug vaive. 
Top—closed; bottom—open. 


W.&S.W.—REFERENCE & DATA—1957 





154 


down stream side of the plug. The 
reinstalled in service in 
without any repairs 
given good service for 


valve was 


another location 
where it has 
another 4 


four-way 


years. 

lubricated plug valves 
ire excellent for filter plant control 
table and East Bay has 
two filter plants so equipped 


manifolds, 


Che lubricated plug valve installa 
tions at Kast Bay have been very suc 
lhe main difficulty has been 
in getting operating personnel accus 


cessful 


tomed to using new equipment; once 
they become familiar with these valves 
and note their ease of operation, how 
they want more of them. It is 
important to remember that, if this 
works hard or has a 
tendency to stick, the stuffing box on 
the top should be tightened—not 
loosened as with a gate valve—so that 
an application of grease through the 
hitting will jack the plug 
On one occasion, the 30-in. dis 
patching valve previously referred to 


ever, 


type of valve 


pressure 


| 
ioose 


was found to be stuck, but it was easily 
freed by applying grease and operat 
ing it manually. Operation from time 
to time through a partial stroke has 
prevented further trouble. Although 
some water works men have expressed 
fear that the use of these valves would 
allow grease to escape into the dis- 
tribution consumer com- 
plaint on this subject has been brought 
to the author’s attention during the 
16-year period in which East Bay has 
employed this type of valve. 


system, no 


lhe nonlubricated, full-open, coni 
cal type of plug valve is another very 
fine water works valve, which allows 
smooth, unrestricted flow when fully 
open. This valve is mechanically 
jacked up from, or down to, the seat 
in either the fully open or the fully 
position. Even in the largest 
it can be manually operated eas- 
ily and quickly by one man. (In fact, 
men accustomed to operating gate 
sheer brute strength have 
been known to damage such a plug 
severely, because they could not bring 
themselves to believe that a valve, es- 
pecially one of large size, could be 
closed so speedily without requiring a 
crew of laborers to lay their weight 
against a capstan bar.) The valve can 
also be operated by water or oil hy- 
draulic power, compressed air, or elec- 
tric motor. The workmanship in these 
valves is first class, and a wide choice 
of high-grade nonferrous metals for 
mounting in the wearing and seating 
parts is available, Monel metal being 
a favorite 


closed 


Sizes, 


valves by 


This type of valve offers the follow- 
ing advantages: [1] positive control 
of valve timing; [2] free, unob- 
structed flow, with the head loss 


W.&S.W REFERENCE & DATA—1957 


equivalent to that in a straight piece 
of pipe of equal length and diameter ; 
[3] no contact between the valve seat 
and the direct flow of the fluid; [4] 
operation with full unbalanced pres- 
sure, thus eliminating necessity for 
bypasses ; and [5] complete enclosure 
and full lubrication of all working 
parts. One of five such valves at East 
Bay, a 42-in. valve on the tunnel outlet 
at the upstream end of a 68-in. pipe- 
line 90 miles long, is hydraulically op- 
erated through a closed-system air and 
oil accumulator set. In the event of a 
break downstream from the valve, the 
increased flow through a venturi meter 
actuates a trip mechanism and govern- 
ing device, which, in turn, automati- 
cally causes the valve to close at a 
fixed speed, regardless of the temper- 
ature, the viscosity of the oil, or the 
magnitude of the break 

\ 36- and a 30-in. motor-operated 
valve are used as remote supervisory 
control rate-setting valves. Two 30-in 
valves are employed at strategic loca 
tions in a 48-in. transmission line fot 
rapid one-man operation in emergen- 
cy shutdowns. These valves supple- 
ment three of the usual isolating gate 
valves, which take much more power 
and time to operate than the plug 
type. A metropolitan water system 
with an average consumption about 
four times as large as East Bay’s uses 
many of these valves in large trans- 
either in the manner 
described or as substitutes for the tra- 
ditional gate valves, but 
greater intervals. 


mission lines 


spaced at 


The ball valve, a full round opening, 
nonlubricated plug type, seems to 
have all of the advantages of other 
large piug valves and is meeting favor 
wherever it is used. Mechanical jack- 
ing of the plug from the seat before 
turning is cleverly avoided by setting 
the plug slightly eccentrically on the 
shaft, so that the plug seat and the 
body seat match, with metal-to-metal 
contact, when the valve is closed. A 
16-in. ball valve used for very severe 
throttling service in one of East Bay’s 
remote supervisory rate-setting sta- 
tions has so far given excellent re- 
sults. 

\fter nearly 4! 
ous use this valve was removed from 
the line and dismantled for inspection. 
The valve was in excellent condition 
inside with complete absence of cavi- 
tation pitting. Since water could flow 
around all sides of the plug when it 
was in a partially open position no 
vacuum could be formed to contribute 
to cavitation plucking. 


4 vears of continu- 


A 24-in. ball valve is being em- 
ployed as an altitude valve on a new 
12-mil gal prestressed concrete reser- 
voir. 


The spherical valve, (Fig. 11), 
which is very similar to the ball valve, 
can, like the ball valve, be single or 
double seated. If flow is in one di- 
rection, single seating on the down 
stream side of the plug is sufficient, 
but. if flow is in both directions dou- 
ble seating may be desirable, since 
pressure from the up-stream side 
helps to seat the valve. East Bay uses 
twelve spherical valves ; 1—36 in. and 
2—24 in. directly buried in the dis 
tribution system ; 1—24 in. electrical- 
ly operated by remote control, 6—24 
in., 1—18& in. and 1—16 in. cast steel 


pump control valves, the 24 inch be- 
ing electrically operated and the 18 
and 16 inch being hydraulically oper- 
ated by an air and oil accumulator set. 


Another valve recently introduced 
to water works practice is an eccen- 
tric plug valve manufactured in Min- 
nesota. From the outside this valve 
(Fig. 12) looks like a lubricated plug 
valve. but is quite different inside in 
that one-half of the plug is cut away 
and the plug is pivoted eccentrically 
against its seat like a ball valve or a 
tilting dise check valve. The eccentric 
plug was developed for use in the 
chemical industry and can be made of 
a number of different metals suitable 
for the chemical fluids which must 
pass through it, or, it can be made 
with a neoprene or rubber coated 


Fig. 12—ECCENTRIC plug vaive. One 
half of the plug is cutaway and the plug 
is pivoted eccentrically against the seat 





plug and interior. The semi-steel 
valve with rubber lining can be pur- 
chased at prices comparable to those 
of standard gate valves. This valve is 
excellent for throttling and, with the 
addition of a few extra appurtenances, 
such as would be needed for gates 
under the same conditions, can be 
buried directly in the ground. It re- 
quires less room than a rising stem 
gate and valves with rubber coated 
plug and lining are bubble tight when 
closed. A marker on the casting indi- 
cates flow in one direction because 
upstream pressure helps to force the 
plug against the seat, but we have 
tested the rubber plugged valves with 
flow in the direction opposite to the 
arrow marker and they have proven 
to be equally tight. East Bay has 4 

6 in., 3—8 in., 2—12 in., 1—14 in., 
and 2—16 in. in filter and pumping 
plant service 


Globe Valves 


Globe pattern altitude valves and 
pressure regulators ( Figs. 13 and 14) 
are on the market in sizes up to 36 in 
in diameter. The globe valves in the 
East Bay system include 142 pressure 
regulators, 84 altitude valves, and 21 
float valves, 2-16 in. in size. 

The globe valve is such a common- 
place item that everyone takes it for 
granted without realizing its wide- 
spread importance. There are very few 
people in the civilized western world 
who do not at some time during the 
day operate a globe valve in a water 
supply system. The washbasin, kitchen 
sink, shower, and bathtub are all sup- 
plied with water whose flow is regu- 
lated by some modification of the globe 
valve. The float valve in the toilet tank 
and the hose bib in the garden are 
globe valve patterns familiar to all. 
Early in the history of the plumbing 
supply industry, this valve evolved as 
the practical answer to the need for a 
device to throttle or regulate the flow 
of water and steam. In its simplest 
form, as either a globe or angle valve, 
a disc is forced down by a screw 
against a circular seat. The disc and 
screw constitute a single moving part 
in the smaller valves but in some mod- 
ifications of the larger valves the disc 
is free to pivot on the end of the stem. 
\s a throttling device, there has never 
been anything on the market to com- 
pare with the globe valve in economy, 
versatility, simplicity, and rugged dur- 
ability. 

Hand-operated globe valves are less 
expensive than gate valves of the same 
size and are very much easier to repair 
in the line. By removing the head, the 
stem and disc can be lifted out, and the 
body seat ring can then be unscrewed 
for repair or replacement. Because 


Fig. 13. GLOBE PATTERN 
altitude valve. 


Fig. 14. PRESSURE-REDUCING 
globe valve. 
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there are no sliding parts except the 
screw and stem, the wear comes only 
from wire drawing on the disc and seat 
ring. Hydraulically operated globe 
valves of either the piston or dia- 
phragm type are just as durable as the 
manually operated types. Although the 
driving mechanisms need occasional 
diaphragm, cup leather, or O-ring re- 
placements, the interior metal parts of 
the valve proper are easily accessible 
and go for long periods without re- 
pairs. A pressure regulator that had 
received very hard usage over 31 years 
was recently removed from the line 
only because replacement parts were 
no longer available. Hydraulically op- 
erated globe valves require very little 
power, as the line pressure imposed on 
the upper side and relieved from the 
bottom side of the diaphragm or piston 
is sufficient to close or open the valve 
at a controlled speed. Most manufac- 
turers adapt the same valve body 
castings for pressure regulators, alti- 
tude valves, relief valves, electric 
pump controllers, and slow-closing 
checks by varying the pilot control 
and diaphragm mechanisms. 

The one disadvantage of the globe 
valve is the loss of head due to the 
devious path that the fluid must follow 
through it. For pressure regulators, 
however, this is an advantage, because 
energy must be dissipated anyway. If 
a globe valve is used as an altitude 
valve in installations where all of the 
water pumped does not reach the res- 
ervoir served by the valve (because 
some is intercepted by consumers), 
the valve size is generally determined 
by the required rate of withdrawal 
from the reservoir, which is higher 
than the pumping rate to the reservoir. 
The withdrawal rate can be augmented 
by introducing a swing check valve 
into the bypass line around the alti- 
tude valve. 

Where pumps must be automatically 
started and stopped against a closed 
valve, the globe type, solenoid-con- 
trolled check valve previously de- 
scribed is a superior device for this 
purpose. 

\ir valves and vacuum valves, often 
built in combination, are very difficult 
to classify because there are so many 
kinds on the market, but most of them 
are either of the globe, needle, or pop- 
pet type, which can be considered 
variations of one another. Air and 
vacuum valves are used mostly for 
relieving entrapped air from the high 
points in pipelines or for admitting 
air to the pipeline whenever the pres- 
sure inside of the pipe becomes less 
than atmospheric. 


Large quantities of air enter the 
pipeline systems when breaks occur or 
when lines are opened for connections 
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or repairs. When such a line is again 
placed in service, the air works its 
way to the high points, and, if it is not 
entrapped and released through air 
valves before it reaches an altitude 
valve or pumping station, it sometimes 
causes damage to equipment and in- 
convenience to consumers. 

Vacuum valves are often unneces- 
sary if pipes are lined and coated with 
Portland cement mortar or if they are 
buried in well compacted material. 
Data obtained from experiments on a 
48-in. steel pipe with a wall thickness 
of % in. and on a 36-in. steel pipe 
with a wall thickness of ; in. show 
how Portland cement lining and coat- 
ing strengthen large-diameter pipes to 
a remarkable degree against collapsing 
(1). 

Early in 1951, three 54-in. dipped 
and wrapped tunnel outlet pipes with 
g-in. wall thicknesses, buried parallel 
to each other, were subjected to a vac- 
uum of 29 in. of mercury or 14.2-psi 
external pressure for about 40 min 
without apparent damage. The same 
pipes, if unburied, would have col- 
lapsed under such a vacuum. 


Gate Valves 

Gate valves are installed by the 
thousands throughout the land, but 
they remain almost always in the 
wholly open position, because most of 
them serve as isolating valves in dis- 
tribution grid systems or as protection 
for operating valves. A smaller num- 
ber are employed as dividing valves 
between pressure zones, remaining 
closed except for inspection or an oc- 
casional emergency. 

Water works gate valves are of 
either the solid-wedge or the double- 
disc, parallel-seat type. The stems can 
be rising or nonrising, but only the 
nonrising-stem valves are practical for 
direct burial in the ground. Even 
though these types have evolved 
through experience and tradition as 
the practical water works grid system 
valve, both have serious faults and 
leave much to be desired in the way of 
improvements in design. Because they 
are so common in the water works in- 
dustry, they are often used as oper- 
ating valves where other types would 
serve a great deal better. 

Efforts to overcome some of the dis- 
advantages of the gate valve have re- 
sulted in the development of the ring 
follower, paradox, and ring seal gates 
as main stops for isolating power- 
house water turbines and free-dis- 
charge operating valves in sluiceways 
and dams. These gates have been built 
to various designs and in large sizes 
for the US Bureau of Reclamation. 

An interesting gate valve pattern, 
manufactured on the West Coast, is 


finding wide acceptance in natural gas 
and oil pipelines and in refinery use. 
It is of the ring follower type, with 
stainless-steel interior parts and 
O-ring seats, which make possible a 
bubble-tight valve that can be put 
through thousands of opening and 
closing operations without showing 
signs of wear or damage to the 
O-rings. This valve, which is success- 
fully displacing other types, can be 
purchased in sizes up to 36 in. at 
prices competitive with some valves 
used for operating purposes in the 
water business (Fig. 15). 








Fig. 15. RING FOLLOWER type gate valve 
with O-ring seats. 


Throttling is the most severe serv- 
ice to which a valve can be subjected. 
Of all the valves utilized in this way, 
the double-disc gate is the least dura- 
ble, and it should generally be limited 
to service as an isolating valve, an 
application in which, owing to its rel- 
atively low initial cost, practical expe- 
rience has found it to excel. If a gate 
valve is intended for throttling service, 
the solid-wedge variety, with close- 
fitting guides, should be selected. 
Square-bottom and beamed-waterway 
double-disc types are widely used as 
wash water valves in filter plants, 
under conditions of low head and 
velocity. 

The beamed-waterway double-disc 
valve is equipped with bronze-faced 
beams located in the downstream part 
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of the valve body. Bronze strips on 
the downstream disc match and are 
opposite the beams, and the disc and 
beam facings are flush in the same 
plane with their respective disc and 
seat rings. This arrangement prevents 
the disc from tipping obliquely into 
the seat ring and very effectively pro- 
longs the life of the valve. The 
square-bottom valve has shoes that 
are attached to the downstream disc 
at three points and slide on tracks, 
two in the valve body and one in the 
bonnet. In this manner, the disc is 
held away from the seat until the 
shoes slide off the tracks at the end 
of closing travel and allow the disc 
ring to engage the seat ring without 
scraping. These valves can be of 
either the “single” or the “double” 
square-bottom type, according to 
whether the flow through the valve 
is to be in one direction or two. Al- 
though the beamed-waterway and 
square-bottom arrangements save 
wear on the seats, a disproportionate 
amount of power is still needed for 
operation, and bypass valves and 
gear trains or hydraulic cylinders are 
necessary accessories to most gate 
valves larger than 16 in. in size. 

Gate valves can be power operated 
by any of the methods used for any 
other type, but the power require- 
ments of the former are much greater 
because of the sliding parts. The most 
common means of operation are hy- 
draulic cylinders and electric motors, 
but pneumatic operation is coming 
into wider use. 

In general, East Bay uses nonris- 
ing-stem double-disc valves for direct 
burial only. For isolating valves in 
pumping plants or other installations 
where the valve is in the open or in a 
pit and there is sufficient room to 
accommodate the extra length, the 
rising-stem valve is utilized. Some 90 
per cent open, lubricated plug valves 
are also employed for the latter 
purpose. 

The solid-wedge type has two mov- 
ing parts in the valve proper, both of 
which are subject to unlubricated 
sliding friction, where the square- or 
acme-thrcaded stem screws into the 
wedge and where the wedge guides 
slide on close-fitting guides in the 
valve body. The wedge is usually of 
solid brass or bronze or, like the body 
seat rings, brass or bronze mounted. 
The wedge faces do not come in con- 
tact with the seats until the valve is 
closed. If the valve remains in the 
open position for a long period in a 
grid system carrying water that 
causes lime or other solid matter to 
deposit or tubercles to develop in the 
recess between the the valve 
will not close completely and too 


seats, 
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much effort to force it will break the 
stem. Also, if this valve is installed 
in the tightly closed position when 
the temperature is high and is left 
closed after cold water has been in- 
troduced into the system, it may be 
very difficult to break the valve loose 
to open it. The valve has a tendency 
to stick in the closed position even 
when there is no temperature change. 
A number of manufacturers produce 
these valves only in the smaller sizes, 
which are used by some large water 
works systems in great quantity. The 
solid-wedge valve is favored in some 
industrial, refinery, and steam plant 
applications. An advantage of the 
solid-wedge gate lies in the fact that 
it can be installed and operated in 
any position—horizontally, vertically, 
upside down, or with the leaf in a 
horizontal plane. (East Bay discon- 
tinued the use of single-wedge gates 
about 15 years ago because they are 
difficult to repair, especially in setting 
them up in machines for accurate 
refacing so that the wedge faces on 
the disc and body could be fitted true 
and tight.) 

The double-disc, parallel-seat gate 
is an awkward mechanical device, 
with four to ten moving parts in the 
valve body proper, each of which 
slides or scrapes without lubrication 
against some other part. Double-disc 


gate valves are designed primarily 
for use in the vertical position with 
the stem upright, but they can be 
operated in the horizontal position. 
The loose parts of the wedging mech- 
anism work best when hanging in 
the vertical. Valves 16 in. and larger, 


installed horizontally in horizontal 
pipelines, should be equipped with 
tracks, rollers, and scrapers. The in- 
stallation of double-disc gates in ver- 
tical pipelines should be discouraged, 
even if tracks are placed in the bon- 
net to support the edge of the lower 
disc. Double-disc valves will not op- 
erate upside down or at any angle 
with the stem below the horizontal, 
because the wedging mechanism en- 
gages and jams the discs against the 
seats. Moreover, accumulations of 
solid matter trapped in the bonnet 
will interfere with the operation of 
the valve. 

Nearly every manufacturer has his 
own method of spreading and wedg- 
ing the discs against the seat rings in 
the closed position. The advantages 
of some of these methods are subject 
to argument. A single good standard 


design for a wedging device in gate 
valves is badly am By For valves 
12 in. or smaller, this design should 
permit the stem to be changed with 
the discs wedged closed and the line 
under pressure. 

As the two discs hang loosely in- 
side the valve bonnet, the downstream 
disc edge tips into the waterway and 
gouges into the seat ring at a slightly 
oblique angle when the valve disc 
passes between the open and closed 
position, causing uneven wear on 
these parts. If a double-disc valve is 
allowed to remain in a partly open or 
throttled position for any length of 
time, the constant vibration or chat- 
tering of the discs in the stream soon 
causes wear in the small links re- 
quired in some designs to hold the 
leaves parallel ; when the links finally 
wear through and come off, enough 
displacement of the discs often occurs 
so that the hooks and wedges drop 
out and are carried away in the 
stream. Gate valve parts have occa- 
sionally been found at considerable 
distances from the places where the 
valves were located. 

In the double-disc gate, the outside 
of the two discs and the protruding 
end of the stem are the only portions 
of the moving parts that can be seen 
without disassembling the valve. The 
other parts are hidden from view be- 
tween the leaves or in the bonnet of 
the valve. 

East Bay recently sent a question- 
naire to some gate valve manufac- 
turers and large users in order to 
establish a cross section of opinion on 
what constitutes good practice for 
gate valves equipped with grease 
cases and intended for direct burial. 
Not only were the answers conflict- 
ing, but some manufacturers even 
contradicted themselves when the 
same question was asked in a differ- 
ent way. There appeared to be no 
standard practice based on factual 
observation of or experience with 
grease cases among either users or 
manufacturers. Some of the latter 
seemed to have an unsympathetic and 
unrealistic attitude toward the users’ 
problems and gave the impression 
that, as long as gate valves are made 
and sold in the traditional manner, 
the user should be satisfied with what 
the market has to offer. One or two 
suggested that, even though the grease 
was driven from the case by water 
under pressure, the valve could still 
be operated. 
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It must be concluded from the 
questionnaire returns that manufac- 
turers and users of gate valves do not 
know whether or how long an inte- 
gral type of gear case remains free of 
water after the valve has been in- 
stalled. The attitude seems to be that 
what cannot be seen cannot be known 
and what is not known is not impor- 
tant. Yet what assurance is there 
that, in an emergency, a large dis- 
tribution line gate valve can be closed 
if it has remained untouched for a 
long period, with discs forced out 
against the top of the body seat rings 
by tuberculation and corrosion prod- 
ucts? 

Based on experience during the 
past few years, very rigid specifica- 
tions on gate valves have been drawn 
up by the East Bay District. These 
specifications require delivery of the 
larger gate valves to East Bay shops 
for dismantling and inspection. Any 
valve that is not in compliance with 
the specifications must be corrected. 


Conclusion 

A variety of good check valve 
types is available on the market, some 
one of which, in any given situation, 
are better than the others. 

The traditional gate valve, up to 16 
in. in size, has earned top considera- 
tion in the water works industry as 
an isolating valve. 

The traditional gate valve is the 
least durable and the most difficult to 
operate of all valve types practical 
for water works service. Users of 
valves in sizes 24 in. and larger would 
do well to consider the application of 
various types other than gate valves, 
regardless of whether they are in- 
tended for isolating or operating pur- 
poses, 
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Ten Packing “‘Don’ts” 


known that “don'ts” are 
effective than 
ne suggestions and warn- 
ged as “don'ts” that 
lany years of practical ex- 
found useful 
selection and 


“do's.”’ so 
are 


will be 
with the 
lation ol packings To 
mean freedom from trouble 


Chey 

nection 

nstal follow 

them may 

that would occur when even the 

obtainable packing is improperly in 
stalled 

1—DON’T fail to make clear what 

ucking is to pack. In other words, 

what will the packing make con- 


best 


DON’T guess at a size, diam 
dth or height when ordering 
Many failures have resulted 
all errors in dimensions 
"T allow too little or too 
ince between follower plate 
metal 


up wall, or any 


How To Pack A § 


old packing from the stuff- 


ox thoroughly, removing accu- 


ns from walls 


packing clean during application. 
scoring of rods, shafts or sleeves 
1 results from grit or foreign mat- 
cked up by packing 
rmine size of packing required by 
cking diameter of rod or shaft and 
nside diameter of the stuffing box. 
Xods wear and the packing has to com- 
nsate for this wear. 
Never wind a length of packing into a 


fing box. Use ring form only. 


iral or coil from packing over a 
haft or mandrel of exactly the same 

» as the one on which the packing 
s to be used in order to get close fit- 


ting rings 


Cut s 


Obtain sharp clean cuts on soft pack- 
tend to squash or become 
ragged by simply applying a small piece 
‘f friction tape at the place where the 
packing is to be cut. It is advisable to 


ings that 


Helpful 


Oversize 
packings are difficult to install and may 


Use packings of correct size. 


Undersize 
too much 


excessive friction. 
be ruined by 


ause 
packings may 
takeup 


Where leakage cannot be permitted, 
provide a means of introducing a seal- 
ng or lubricating fluid such as water, 
oil or grease into the stuffing box. 


When renewing packings, use all new, 
clean packing. Worn packings are dry, 
highly compressed, have high friction, 
may develop scoring. 
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parts behind any upright leather wall; 
1/16 to 3/32 inch on each side, de- 
pending on size of packing, is usually 
recommended. 

4—DON’T doctor packing lips 
with a pocket knife or file, or batter 
lip in installing. A rounded lip de- 
stroys the seal. Packings can be 
tened by soaking in warm water if 
necessary 

5—DON'T apply cup packings 
with flange too high for clearance at 
the head of the cylinder. Keep sys- 
tems clean so sediment will not collect 
in cylinders and wear the packing. 

6—DON’T apply cup packings to 
end of plunger which is badly worn; 
pressure will force the packing down 
into clearance between plunger and 
cylinder. Leather washers cut from 
old cup packings can be made to re- 
line such equipment to proper dimen- 


sof- 


sions. 


Stuffing 


remove the tape when installing the 
rings. String also serves well for tying 
the packing on each side of where the 
cut is to be made and may be left on 
the packing when installed. 


Cut all packing ring joints to a snug 
fit making the rings meet with a tight 
butt or bevel joint. 


Seat each packing ring carefully before 
placing the next one in the box. Load- 
ing a stuffing box with packing and 
then pulling up on the gland follower 
may cause excessive deformation of the 
first two rings, building up localized 
gland pressure and failure to seat the 
bottom rings so they can work effec- 
tively. 


Install all packing rings so that joints 
are staggered and kept approximately 
90 deg. apart. Spot joints in clockwise 
direction to facilitate locating them 
when removing packing. 


Pull up the gland follower sufficiently 
tight, after the packing has been in- 
stalled, to insure final seating of the 
packing. The nuts should be backed off 


Hints 


4. Remember packing is relatively cheap. 
Labor and materials necessary to re- 
place worn shafts, sleeves or rods are 
expensive and critical commodities. 


Take up bolts evenly, moving to the 
bolt diametrically opposite, never to the 
bolt adjacent. 


Follow up bolts the next day after in- 
stalling new gaskets. For lines carry- 
ing high pressures, the gradual build- 
ing up of the pressure and continuous 
follow-up of bolts is recommended. 


Exercise great care when using gasket- 
ing dopes. Never use oil or grease on 


Worth Heeding 


7—DON” packings 
where plungers are without 
reinforcing under heel with leather 
cushion rings. 

DON’T look for long service on 
scored plungers or in scored cylin- 
ders ; resurface or reline such equip- 
ment to proper dimensions. 

9—DON’T allow water to corrode 
cylinder walls, plungers or rods. Use 
an anti-rust agent that will prevent 
this and that will act as an effective 
lubricant. 

10—DON’T squeeze hemp or fab- 
ric filled “U” packings in glands 
where such packings are to replace 
solid section compression packings ; 
set glands up to point where “U” 
packings are free to function prop- 
erly. 


. apply “OU” 


worn 


Contributed by H’. F. Schaphorst, M. E., 


Newark, N. J. 


Box 


two or three turns to relieve excessive 
pressure. Adjust packing to operating 
conditions. 


Keep the following in mind for stuffing 
boxes provided with water, oil or grease 
lanterns: (a) Make sure that the lan- 
tern is so located in the box that as the 
packing is taken up, the lantern will be 
advanced to its proper location with 
respect to the opening in the box. (b) 
Check to see that the opening into the 
stuffing box is free from obstructions 
so that the sealing water or lubrica- 
tion can flow into the lantern. 


Allow packing to leak a small amount, 
if possible, when starting a newly 
packed pump. Take up the gland slowly 
as the packing seats. 


Provide means for lubricating the rod 
and packing wherever possible. 


15. Finally, carefully wrap all extra pack- 
ings, place them back in their container 
as a precaution against waste and the 
possibility of their picking up dirt and 
other injurious foreign substances. 

Courtesy of Power 


For Handling Packings 


a rubber or rubber-compounded gasket. 
Graphite and glycerine or molasses 
compounds are not injurious to rub- 
ber. Never use dope on both sides of 
gasket—it may cause slippage or blow- 
out. 


Do not use a heavier sheet packing than 
is necessary. The thinner the gasketing 
material, the better. 


Ring gaskets are preferable to full face 
gaskets where the flanges are heavy 
enough to prevent distortion. 

Courtesy Johns-Manville Corp. 





Gate Valve Design and Application*® 


General Sales Manager, The A. P. Smith Manufacturing Co., 


HE GATE VALVE is one of 

the oldest practical devices 
known and the one most frequently 
employed to control the flow of fluids 
and gases in pressure conduits. The 
term “valve” is now applied to any 
device that opens and closes and pro- 
vides a passage-way for fluids and 


gases 


Historical Background 

The earliest form of mechanical 
valve was the bellows which was used 
by the Egqyptians 3,500 years ago. 
Paintings on the walls of a tomb of 
that period picture a bellows with 
bamboo piping used to smelt ore. The 
next development was the flap type 
valve which allowed fluids to travel in 
one direction in open and low-head 
conduits. Grecian illustrations dating 
about 600 B.C. depict showers used 
for bathing which involved the dis- 


*Reprinted from Sew. & Ind. Wastes, 


ol. 25, No. 2, p (1956) 








FIG. 1.—EXPOSED view of a double disc, 
side wedge, parallel seat, non-rising 
stem gate valve. 


By G. J. MANAHAN 


charge of water controlled by flap 
type valves. About 250 B.C., a Greek 
developed a two-cylinder pump which 
employed a valve in connection with 
the functioning of each cylinder. 

A century or more before the 
Christian era, Hero of Alexandria is 
credited with the development of the 
first workable hinged valve involving 
a flat gate which was opened and 
closed to admit water and control the 
discharge of pumps. In his writings, 
Hero wisely stipulated that the seat 
facings should be smooth and pol- 
ished to insure a reasonably tight 
closure. 

The fourteenth century thinker, 
artist and egineer, Leonardo daVinci, 
left many drawings of valve construc- 
tions, the most advanced of which 
was the multiport check valve which 
involved four pairs of hinged gates. 
Today multiport valves find a ready 
use in water and sewage facilities. 

Prior to the eighteenth century, 
pressure conduits were not generally 
employed because a satisfactory pip- 
ing material was not available. Early 
in the eighteenth century, the first 
cast iron pipe was installed and in 
1795, Joseph Bramah designed a 
valve stem featuring a screw thread 
which used to open and 
sluice type valves. 

In 1839 James Nasmyth designed 
the first practical metal gate valve 
which was immediately employed by 
the East London (Eng.) Water 
Works. The Nasmyth design con- 
sisted of a cast iron body and bonnet, 
a threaded valve stem and a solid 
tapered plug. 

Solid wedge, taper seat valves were 
introduced in the United States a few 
years later. About 1845 existing wa- 
ter utilities started to employ gate 
valves in pressure piping. Operating 
pressures were moderate, pipe sizes 
were reasonably small, and most of 
the valve development work related 
to small diameter and low pressure 
valves. The major changes and re- 
finements of the original Nasmyth 
solid wedge, taper seat valve took 
place between 1845 and 1895. Dur- 
ing this period, double disc, parallel 
and taper seat gate valves were de- 
veloped and met with wide and con- 
tinuing use. The first double disc, 
parallel seat gate valve was of the 


was close 


East Or 


bottom wedging type and was fol- 
lowed by center and side wedging 
types. 


Gate Valve Types 

The solid wedge, taper seat gate 
valve design has not been changed 
basically during the past 110 years. 
In this design, it is essential that the 
taper of the plug must coincide ex- 
actly with the taper of the body seats 
to achieve a pressure seal or shut-off. 
To prevent the plug from _ being 
moved in the direction of the dowr. 
stream seat by the flow during the 
operating cycle, and to eliminate valve 
stem strain and undue seat face wear, 
plug guides should be integral with 
the valve body. The guides should 
have non-ferrous metal facings. As 
valve sizes increased, it was found 
that the problem of maintaining a 
perfect mating of the plug taper and 
the body seat taper was difficult and 
expensive to achieve. It was also 
noted that the body seat taper was 
distorted as operating pressures and 
dead weight piping loads transmitted 
to the valves increased, with the re- 
sult that leakage took place. 

The Coffin double disc taper seat 
gate valve was developed in 1867 to 
obviate and minimize the distortion 
of the body seat and the resulting 


leakage. 


Double Disc, Parallel Seat, 
Bottom Wedging 

S. J. Peet, in 1875, patented the 
double disc, parallel seat, bottom 
wedging type gate valve (Figures 1 
and 2). In this design, the discs move 
downward until the lower wedge 
travel is terminated by contact with 
a stop in the bottom of the valve 
body. The discs and upper wedge con- 
tinue to travel until the wedges con- 
tact one another, thus forcing the 
discs against the body seats. In open- 
ing, the first turn or initial movement 
of the valve stem releases the wedges 
freely to the open position. Suspended 
solids which are sometimes present 
in the bottom of piping can be en- 
trapped by the bottom wedge, chang- 
ing the contact elevation, thus occa- 
sioning preliminary or early wedging 
with the discs in a partially open po- 
sition. 
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Double Disc, Parallel Seat, 
Center and Side Wedging 


Center and side wedging, double 


seat gate valves 


type 
introduced 
In the side 


j 11.1 
asc, pal Lil¢ 


were and late 


in the 


developed 
iineteenth century 


wedg ne cle sign, the dises move down 
1 
' 


ntil t travel is terminated 
ith stops in the bottom 

valve body, at which point the 
lisc faces fully but are 


firm contact with the body seat ring 


contact Ww 


cover not in 


faces. The final rotation or movement 


of the valve stem actuates the wedg- 
ing mechanism expanding and forcing 
faces against, and in contact 


the dis 
body seat faces. 


shut-off. The 


with, the 
a drop-tight 
is actuated by 


producing 
wedging 


inclines in 
located 


mechanisn 

the valve body 
horizontal centerline of the 
led solids and for 


in the bottom of the pip- 


suspet 


occasion preliminary or 
the first 
initial movement of the 


ly opening 

re le ases the wedges before 
move, thus the dises are free 
the open position without 


face triction 


Square Bottom Case and Disc 
Mar ual 


operat 


cylinder and electric moto1 


gate valves which will be 
operation and in 
either in a fully open 


closed position should be 


subject to frequent 


vill be 


1are bottom case and disc 
type is construction prevents the 
downstream disc from tilting into the 
downst1 port opening. The disc 
at the bottom, are es 

re with the result that 

irea of each disc ring ts 

ct with each body seat ring 
1e Operating cycle. Disc ring 
wear is thereby reduced 


| minimum 
nstalled a flat 
piping should be of the 


hottom case and the dis¢ 


position 


con 

with bronze tracks secured 
op of the valve body and in 
net, providing parallel surfaces 


e «ises during the op 


Beamed Waterway 

Valves which will be subject to fre- 
juent substantial unbal 
anced pressure, high velocity and will 
should be 


operation, 


be used to control flow 
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either beamed waterway (Figure 3) 
or single throttle construction if the 
flow is not subject to reversal. If the 
flow is subject to reversal, the valves 
should be double throttle construc- 
tion. 

The beamed waterway valve design 
prevents the downstream disc from 
tilting into the downstream port open- 
ing. Bronze faced beams located on 
the downstream side of the valve body 
register with bronze facings securely 
attached to the donwstream disc. The 
beam faces and the disc facings are in 
the same plane as the disc and seat 
ring faces. The beams prevent disc 
tiltmg and in combination with in- 
creased contact bearing area, uneven 
disc and seat ring wear is eliminated. 


Throttle Construction 


Throttle construction mechanically 
lifts each disc ring face out of contact 
with each seat ring face during the en- 
tire travel of the discs. This construc- 
tion (Figure 4) stops disc tilting, un- 
even disc and seat ring wear and 
chatter. Throttle construction valves 
are suitable for installation in verti- 
cal, horizontal flat 
positions in vertical pipelines. The 
lisc and seat ring not in 
contact while the valve is in a par- 
tially open position or while the discs 


(on edge ) or in 


faces are 


are moving 

Throttle construction discs are pro- 
vided with three non-ferrous metal 
shoes. One shoe is attached to the disc 
at the top centerline, the other shoes 
ire attached to lugs which are inte- 
gral with the disc, one on each side 
near the bottom of the disc. 

The throttle construction valve 
bodies have three non-ferrous metal 
tracks. Two tracks are located and 
securely attached to the body, one on 
each side of the body seat ring. The 
third track is located and securely at- 
tached at the top centerline above the 
seat ring. This track extends into the 
valve bonnet. 

\s throttle construction valves be- 
gin to open, the disc shoes slide up 
inclines at the bottom of each body 
rail lifting and holding the disc ring 
face out of contact with the body seat 
ring face. In closing, the disc shoes 
slide down the tracks and the inclines 
at the bottom of each track until the 
disc ring face is in contact with the 
hody seat ring face thus permitting 
the wedging of the discs in the closed 
position 

The three disc shoes register with 
the three body rails and are in contact 
with one another while the valve is 
unseated and in a partially open posi- 
tion. The non-ferrous metal disc shoes 
and body rails are designed with am- 
ple bearing capacity. Throttle and/or 


FIG 2.—FLANGED (0.S.G.Y.) rising 
stem, double disc, side wedge, parallel 
seat gate valve. 


beamed waterway construction thus 
assures long gate valve service life 
under severe operating conditions. 


Construction and 

Operation Features 

The several basic types of gate 
valves briefly described are usually 


ey 
- 
&, 
oo ee A 


FIG. 3.—EXPOSED view of beamed wea- 
terway valve construction. 





FIG. 4.—EXPOSED view of throttle con- 
struction gate valve with disc shoes and 
body tracks. 


operated, employing key 
handwheels, chain 
They can, however, be 


manually 
wheels 


wrenches, 
or floorstands 
cylinder or electric motor operated 
Manually 


f the non-rising stem (Figure 
I: 


operated gate valves are 
eithe 
1) or of the ris 
2). The 


rising stem valves are always in 
tact with the fluid or gas tn the valve 


ng stem type | igure 


operating threads of non 


con 
body, whereas the operating threads 
of rising stem valves are outside of 
the valve body and, 
in contact with the fluid 

Gate valve constructions and 
ments introduced during the twenti 
eth century include “O” Ring pres 


not 


the refore, ire 


refine- 


sure seals, position indicators for non 
rising stem valves, valve body clean 
uts 
blies, 


gearing, by-pass valve assem 
tracks, rollers and scrapers, 
square bottom case and disc throttie 
ind beamed waterway construction 
“©” ring 
conventional 


pressure seals replace 
valve packaging 
and reduce maintenance 


stem 
(Figure 5) 
to a minimum. Position indicators for 
non-rising stem valves establish visi- 
bly at all times the position of the 
valve discs or wedges. Rising stem 
valves do not require position indi- 
cators as the valve stem serves as an 
indicator 
Valve body 


provided on all 


she yuld he 


which 


clean-outs 


gate valves 
will be in service in piping conveying 
The 
cleanouts should be inspected periodi- 
cially to flush the suspended solids 


from the valve body and from con- 


suspended solids in solution. 


tact with the internal operating parts 
of the valve. 

Gearing and by-pass valves are 
used to reduce the torque required to 
operate large valves. By-pass valves 
are also used to fill the line on both 
sides of the valve thus balancing the 
before the main valve is 
opened. Enclosed gearing is normally 
applied to valves 14 in. and larger 
in diameter, which in service will be 
near the working pres- 


pressure 


used at or 
sure rating. 

Vertical valves are normally 
equipped with spur gearing ; horizon- 
tal valves with bevel gearing. Hori- 
zontal valves installed on edge in 
horizontal piping should be equipped 
with bronze tracks, rollers and scrap- 
ers. The tracks and rollers 
carry the weight of the discs during 


bronze 


the operating cycle. 

Many types of valves are available 
and employed in connection with the 
numerous and varied sewage and in 
dustrial waste services which require 
valves including gate valves, butterfly 
valves, diaphragm valves, lubricated 
and non-lubricated type plug valves, 
eccentric rubber-faced plug valves, ro 
tary cone valves, mud valves, shear 
valves, flap valves, foot valves and 
sluice gates. Each type of valve has 
limitations from an employment, op 
Che 


which 


erating and economic standpoint 
full 
each valve will be subjected should be 


operating conditions to 
examined carefully and should be re 
flected in the the 
type of valve to use for each control 
and shut-off Unfortunately, 
many types of valves are subjected on 


determination of 
service 
conditions be 


occasion t operating 


vond their design and recommended 


Fig. 5.—EXPOSED view of "O" ring seal 


R-163 


limits. 

Operating pressure frequently is a 
deceiving criterion when it is used to 
determine the test pressure rating of 
the valve to be employed. More im- 
portant criteria include frequency of 
operation, speed of operation, velocity 
and the nature of the fluid from the 
standpoint of the pH and the sus- 
pended solids content. “ 

The minimum desired service life 
of valves is generally considered to 
be 50 years. To insure long service 
life with minimum maintenance, max- 
imum valve construction should be 
considered with respect to pressure 
rating, shell thickness, trim compo- 
sition and trim dimension. 


Sewage and Industrial Waste 
Service Applications 

1. Non-rising stem gate valves 
should not be used in piping convey- 
ing sludge or heavy concentrations of 
suspended solids because the operat- 
ing threads would be in contact with 
the fluid and solids in the valve body. 
Rising stem gate valves should be 
used in exposed accessible piping. The 
operating threads are outside of the 
valve and not in with the 
fluid. The valve stem serves as a po- 


contact 


sition indicator. 

2. Gate valves used in lines con- 
veying moderate concentrations of 
suspended solids should be of the cen- 
ter wedging or side wedging, double 
disc type. The discs in this type valve 
are free from pockets in which solids 
would collect. The valve body should 
have clean-outs which permit the pe- 
riod flushing ol solids from the body 
and the operating mechanism 


plate (left) and conventional stuffing box 


and packing (right) used on non-rising stem valves. 
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3. Double disc gate valves should 
not be installed in an upside-down 
position in horizontal piping unless 
the manufacturer has been advised of 
position and provision 
construction to 
unusual service 


the installation 
made in the valve 
compensate this 
requirement 

+. Gate 


which will be op 
erated freq 


and when in serv 
ice will be either in a fully open or 
closed position should be of the square 
bottom case and disc type. 

5. Gate valves subjected to tre 
yperation, substantial unbal- 
pressure, high velocity and 
trol flow should be of the 
throttle track 


Vaives 


santl 
ently 


quent 
anced 
TO COyqT 


used 


beamed waterway or 


“7 
‘ 
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type. 

6. Gate valves, 14-in. and 
larger, should be equipped with gear- 
ing if the valves will be subject to 
an operating pressure at or near the 
recommended working pressure. 
These large gate valves should be 
equipped with by-pass valves per- 
mitting pressure equalization before 
the main valve is opened. 

7. Valves placed in inaccessible lo- 
cations should be operated by a floor- 
stand, chain wheel, cylinder or elec- 
tric motor. Cylinder operation is eco- 
nomical because the source of power 
is usually provided from existing in- 
stallations. Cast iron, bronze-lined, 


s1zes 


hydraulic cylinders should be used as 


they are extremely rigid and assure 
long service life under severe oper- 
ating conditions. 

8. The valve manufacturers should 
be advised concerning the type of 
service and the characteristics of the 
fluid in the piping so that the valve 
will be of appropriate construction 
and equipped with the proper metal 
trim. 

9. Gate valves should be operated 
at least twice each year. Valve stuff- 
ing boxes should be checked and ad- 
justed at least four times a year. 
Proper and timely maintenance will 
insure long, efficient gate valve serv- 
ice life. 





HE A. P. SMITH MANUFACTURING CO. 


produces, FIRE HYDRANTS A. W. W. A. Specification 
and High Pressure — Compression Type — Dry and Wet Barrel 
GATE VALVES sizes 2” thru 66°, Manual, Hydraulic 


Cylinder, Electric Motor Operated for Low, Medium and High Pres- 
sure Service. INSERTING VALVES sizes 4” thru 48” for 
inserting under pressure. —~\¥u s TAPPING SLEEVE AND VALVES 


sizes 4° x 2” thru 60° x 48” for branch connections under pressure. 


THE A.P. SMITH MFG. CO. 


EAST ORANGE, NEW JERSEY 
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Repair and Reconditioning of 


Lubricated Plug Valves 


Often returns them to their peak efficiency 


LANY 
plants, 
ind sewage disposal in- 
can frequently 
uccess or failure of an 
same 
more 
equipment 
and 


chemical or proc- 


valves in water 
deter- 


They deserve the 


tul service as 
types ot 
Inators, fhiters, 
economic standpoint, 
and re- 
ient valves would 
le Whether a 
1 repair is an In- 
how and 
ided comparing 
st of repair with 


y to repall 


ev ef, 


by PAUL A. MANOR 


Even after years of service, lubri- 
cated plug valves can often be re- 
turned to peak efficiency simply 
through cleaning, inspection, and 
reassembly with new packing and 
gaskets. The purpose of this ar- 
ticle is to present a basic guide for 
reconditioning or repairing 
valves 


Cleaning and Examination 


The cleaned as 
much as possible taking 
them apart. After completely disas- 
sembling the valve, use any solvent 
or alkaline solution to clean the 
parts. Apply wire brushing or abra- 
corroded 


valves should be 
bef re 


sive blasting to clean 


¢ 


LUBRICATING 12-inch valves at pressure-reducing station, Santa Barbara, Calif. 
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these 


WIRE BRUSHING to remove deposits 
from corroded areas; abrasive blasting 
might also be used 


areas. Tapered seats of both body 
and plug should be carefully exam- 
ined for corrosion, pitting, scoring, 
galling, or erosion. For plugs hav- 
ing integral shanks, check the di- 
ameter of the machined shank. Al- 
so, examine the shoulder adjacent 
to the plug shank for corrosion or 
erosion. 

Repairing the valve depends on 
how seriously the seating surfaces 
of both plug and body are scarred. 
The following are some typical 
cases: 

Case 1. Corrosion or scoring is 
very shallow. Here, the valve can 
be salvaged by relapping the plug 
in the body. Machining the seating 
surfaces of either the body or plug 
is unnecessary. For integral-shank 
plugs, however, the shank diameter 
and adjacent shoulder must be re- 
surfaced by grinding before relap- 
ping. 

Case 2. Corrosion, galling, or 
scoring is moderately deep. Rema- 
chining the tapered seating surface 
in the body is necessary. This usu- 
ally requires an oversize plug to 
match the oversizing of the taper 
bore. 

Case 3. Severe corrosion, erosion, 
galling, or deep scoring. Before 
machining the valve body bore, the 
worn areas in the body must be re- 
built to restore the tapered seating 
surface. Rebuilding may be done 
by any standard welding or brazing 
process. 





Valve plugs are individually 
fitted and lapped to valve bodies by 
the manufacturer. Consequently, 
replacement plugs are furnished in 
oversize dimensions with a semi- 
finished taper. Excess metal is al- 
lowed, therefore, for fitting the 
plug to rebored valve bodies. Most 
valve bodies have extra metal at 
the tapered section; this permits 
one or more reboring operations 
without reducing the body’s wall 
thickness below allowable limits. 


Remachining Valve Bodies 

Use either an engine lathe or a 
vertical boring mill to remachine 
valve Obtain a taper at- 
tachment or ram for the lathe or 
mill, capable of producing a taper 
angle of 4! from the centerline 
of the valve body. 

To be on the safe side, make a 
trial cut on scrap to check both the 
accuracy of the taper angle and the 
overall setup. Then make the initial 
cuts on the valve body to remove 
all blemishes. 


bodies. 


Take the final, finish 
cut very lightly and with a fine feed 
in order to obtain a clean, smooth, 
true taper bore. 

Accurate work ob- 
tained unless the spindle, tool car- 
riage, and machine ways are in 
good condition and are properly 
adjusted to avoid “lash.” These 
precautions particularly im- 
portant when finish-boring plug 
valve bodies because of the inter- 


cannot be 


are 


rupted cut when the tool passes 
over port openings 

After machining the bore, 
the lubricant grooves or ducts on 
the valve body. If any are shallow 
or missing, they should be deep- 
ened or reproduced by either chip- 
ping, machinit or grinding 


check 


Sim- 


19 
=? s 


APPLYING lapping compound to bear- 
ing surface of plug 


CHECKING DEPTH of lubricant groove 
is one step in valve examination 


ilarly, valve bodies which require 
rebuilding of worn areas prior to 
machining must have the lubricant 
grooves or ducts remachined 


Machining Plugs to Fit Valves 


For valves consisting of 

1. Iron alloys and bronze— 

Oversize plugs are shipped cen- 
tered and finish-machined (except 
for the taper section). 

Place the plug between centers 
in a lathe. Adjust the taper at- 
tachment on the lathe 4! from 
the centerline of the plug. 

First, take caliper-and-scale di- 
mensions from the valve body to 
machine the taper on the plug 
Don’t machine too far. Leave 
enough metal for final matching of 
taper and diameter. 

After machining the plug so that 


LAPPING valve by hand, final step in 
making close fit 


CHECKING TAPER with feeler stock. 
Valve bodies can be machined 


it sinks partially into the body seat, 
check the taper angle by placing 
strips of “feeler stock” between the 
plug and body near both ends of 
the taper. If necessary, make light 
trial cuts. Adjust the lathe taper 
attachment after each cut until an 
exact fit is obtained. 

After the taper is exactly 
matched, make additional light 
cuts until the plug enters the body 
with the plug shoulder below the 
body gasket seat a distance about 
equal to the minimum dimension 
allowed by the manufacturer. 
Thus, for the final lapping opera- 
tion, the plug can shrink slightly 
further while still remaining with- 
in its allowable dimensions 


2. Steel— 


Plugs for steel valves require a 
hardening treatment between ma- 


CHECKING accuracy of fit with valve 
which has been blued 
W.&S.W. 
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chining and lapping operations to 
prevent galling and sizing in the 
valve body. Steel replacement plugs 
are furnished soft so that a taper 
can be easily obtained to fit rebored 
bodies. Don’t try to rebuild steel 
valve bodies unless heat-treating 
and grinding equipment is avail- 
able for hardening and shaping the 
plugs 

Turn the plug to fit the body 
bore, as previously described for 
semi-steel valves. About 0.020 to 
0.040 in. of additional metal must 
be left on the plug taper to per- 
mit grinding after heat treatment. 
Heat, quench, and draw the plug 
to obtain a medium hardness on the 
taper surface. Plugs with integral 
shanks should be quenched on end 
to minimize warping. 

\fter hardening, grind the plugs 
between centers to finish them. The 
procedure for fitting the taper in 
final position in the valve body is 
the same as for iron alloys. 


Lapping 


The 


step in obtaining a 


Gnal 
inal 
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close fit between valve body and 
plug is to lapp the respective bear- 
ing surfaces with an abrasive. Lap- 
ping cannot be used to correct mis- 
takes in previous machine work. 
Excessive lapping may cause the 
plug to fit too deeply in the valve 
body. Only enough lapping to take 
out tool and grinding marks and 
to produce a smooth finish on the 
taper surface should be necessary. 

sefore starting to lapp, use either 
a file or emory cloth to smooth all 
sharp edges on both body and plug. 

Valves may be lapped either by 
hand or with a drill press. If a drill 
press is used, secure the valve body 
to the base and rotate the plug 
through a floating attachment con- 
nected to the spindle. 

For a lapping compound, use 
200-grit aluminum oxide for steel 
valves and 200-grit silicon carbide 
for iron valves. A non-lubricating 
oil emulsion should be used to keep 
the compound in suspension. 

When lapping, lift the plug 
about % to ™% in. out of the valve 
body after each four or five revolu- 


tions. Sufficient space should be 
provided between plug and body to 
permit the lapping compound to 
spread evenly. 

Continue lapping until all ma- 
chining marks disappear and the 
surface shows a uniform “matt” fin- 
ish. Rotation of the plug in the 
body should now show an even 
metal-to-metal contact, without ex- 
cessive bright or dark areas. The 
accuracy of the fit can be checked 
by blueing the plug into the body 
and rotating it one or two turns 
under light pressure. Any mis- 
matching, off-taper, or out-of- 
roundness will show clearly when 
the plug is removed and examined. 

The same requirements as indi- 
cated for lapping with a drill press 
hold true for hand lapping. In the 
latter case, however, the plug is 
usually oscillated four or five times 
between each lifting of the plug out 
of the body. 

After the lapping is completed, 
the depth of the plug in the body 
should be checked against the man- 
ufacturer’s specifications. 





Head Loss in Butterfly Valves 


by H. W. HAMM 


esign Engineer 


UTTERFLY valves are frequently used in water 
supply and in wastes disposal systems because they 


have the following characteristics : 


1. The flange to flange dimensions are small, resulting 
in space saving. 

2. The operating mechanism is simple and rugged, is 
located outside the valve body, and therefore is easily 
accessible and not subject to corrosion. 

3. The cost is low. 

F 
These advantages are to some extent offset by the 


S. Mor 


gan Smith Co., York, Pa 


head loss, which in the full open position is slightly larger 
than that of other valves, also, by the small amount of 
leakage which in valves without special seats is inevitable. 

Knowledge of the head loss for the full open position 
is useful. Also, when the valve is used for regulating the 
head losses at the several intermediate positions is valu- 
able. The accompanying chart gives the head loss factor 
on the left side and the head loss on the right side. When 
a valve is equipped with a disc position indicator, the 
chart can be used to set the valve for any desired flow. 


Lines “a” and “b” illustrate use of the chart. Line “a 


is for a 24-inch valve in a setting where the static head 
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BUTTERFLY VALVES; relationship between head losses, velocity and disc settings for flow control 


W.&S.W.—REFERENCE & DATA—1957 





is 100 feet and the required flow is 25 cubic feet per 

second. The water velocity in the pipe is 8.0 feet per 

second, and the pipe is so short that pipeline friction can 

be neglected. It can be seen that the valve must be 32.5 

per cent open to permit 25 cubic feet per second to pass 
os 


H, = 100 


vy of the moving water column. 
represents the same conditions, with the 
that the pipeline friction cannot be neglected 
length of the pipe is 2,000 feet. The head loss 
inch diameter of this length, manufac 


netic ene 


W.&S.W 
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tured of plate steel, and a water velocity of 8 feet per 
second is approximately 
2,000 8- 
H, 0.02 » . 0 ft 
2 2g 
With only 100 feet of static head available, the head 
oss past the valve disc cannot be more than 
S 
Hy 100 20 79 ft 


> 
<f£ 


Che chart shows that a head loss of 80 feet and a water 
velocity of 8 feet per second requires an opening position 
of 34 per cent for the disc. 

With the help of the chart it is possible to calibrate the 
disc position indicator for flow, as well as for disc posi- 


tion, and thus facilita*e flow regulation. 





these 
are the 


features 


HAND POLISHED DISC EDGE 
eases entry of disc into rubber seat for 
minimum wear and permanent tight- 
ness. Accurate disc machining assures 
uniform interference. 





DOUBLE ACTING THRUST BEAR- 
ING supplied on every valve, posi- 
tively holds disc in center of rubber 
seat. Oversize bearing surfaces pre- 
vent wear— ensure continued alignment. 


HENRY 


Peal | 


POSITIVE, MECHANICAL RE- 
TENTION mokes rubber seat truly 
field replaceable. No dependence on 
glues, cements or vulcanizing . . . no 
chance for liner “blow out.” 


that make 
PRATT 
We-NAYA SS 


QUALITY CONSTRUCTION FEA- 
TURES such as this separate, cast 
bonnet which combines universal oper- 
ator mounting ability with a husky, fin- 
ished appearance. 


3 


ava 
a Oe “% 


90° SEATING .... wiping action as 
disc closes makes valve self-cleaning. 
“Cork-in-bottle” closure 
operator force to keep valve closed. 


requires no 


CONSERVATIVE DESIGN of entire 
valve, typified by rugged internal ribs 
in this fabricated disc—tubular shaft 
housing to prevent disc flooding. 


the 


industry s 


finest 


Write for your 
free copy of 
Henry Pratt But- 
terfly Valve 
Manual B-29. 


utter fl SEAT 


Valves 


Henry Pratt Company, 2222 S. Halsted St., Chicago 8, lil. Representatives in principal cities 
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MUNICIPAL 


CASTINGS 


SUPREME TYPE G RECTANGULAR METER 
= =. —— Types > 7 + 
CLARKSVILLE NON-LOCKING OVAL a oun ter xes @ 
METER BOX (Center lift top op- wes c — By! BOX FROST PROOF Meter Box Rims with Dou 
tional). Special lettering—Water we of ww we Lid Covers. 
Meter, Name of City, etc., as de- 


METER 
BOXES, 
RIMS 


and 


MANHOLE RING AND COVER—BOTTOM FLANGE 
TYPE, in 13 sizes (TOP FLANGE TYPE also avail- 
able, in 7 sizes) 


Type F 
Lock T 
Overlapping 


Cast Iron 
Manhole Step 


VALVE 


Heavy tapered body 


DRAINAGE or 
INLET GRATES 
with Frames 
; CAST IRON CATCH BASINS 


bottom flange type 
Clarksville type illustrated 4 pieces. Many other stock 
types and s. 


Write for Illustrated Booklets 


CLARKSVILLE FOUNDRY & MACHINE WORKS 


Clarksville, Tennessee 
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Modernized Meter Reading 


N JANUARY 1, 1952, the cor- 

porate limits of the City of At- 
lanta were extended from 37 to 
almost 130 sq mi. Portions of the 
newly annexed area had been pre- 
viously serviced with water from the 
Atlanta system, but many wells also 
served this area. 

A five-year expansion program, 
now in its last year, was instituted 
to extend water service to the new 
area. But one of the most difficult 
jobs encountered dealt with the 
monthly meter reading of some 
110,000 accounts. Most of the zones 
in the original city area were read 
by meter readers on foot, but the 
expanded limits made it necessary 
to motorize many of the new routes. 
About 15 meter readers daily read 
between 300 and 450 meters each. 

The expanded areas brought on 
an entirely new problem: scattered 
surburban homes on large lots, and 
the greater distances between meters. 
The meters are set as near as pos- 
sible to the curb line in front of the 
location to be served, but the net 
walking distance of the new routes 
was still increased from two to three 
times the former ones. 

A committee headed by T.H. Bird, 
the Office Manager, was formed to 
investigate and recommend improved 
procedures for handling these routes. 
Large dairy firms who had the prob- 
lem of delivering milk in many of 
the same areas were contacted, but 
the stand-up type dairy or delivery 
truck did not lend itself to our needs. 
Specifically, the hazard of the driver 
being thrown out of the truck should 
it hit an obstacle while the operator 
drove in a standing position did not 
meet our safety requirements. We 
next considered removing doors from 
a %-ton truck and placing a long 
safety handle or bracket at the point 
where the door was previously 
hinged. This helped somewhat, but 
still did not reduce the time con- 
sumed in entering and leaving the 
truck when reading the meter. It 
was next decided to use fluid trans- 
mission %-ton pick-up trucks. This 


by PAUL WEIR 


7a., Water Works 


arrangement materially reduced the 
operating costs, repairs on the clutch, 
brake, etc., but still did not entirely 
eliminate the human problem. 

In the old days, the inspectors used 
to ride motorcycles. The “new look”’ 
for this type of transportation has 
been satisfied by the motor scooter. 
This equipment was carefully inves 
tigated, but it did not suit the pur- 
pose either. It was not an all-weather 
vehicle, and every time the operator 
read a meter the motor scooter had 
to be parked. 

Then a three-wheeled all-weather 
motor scooter was discovered. This 
equipment was borrowed for demon- 
stration, and proved so successful 
that two units were purchased. 
Others will probably be added to the 
fleet each year, since about one-half 
of the routes are now motorized. 

Some of the outstanding features 
of the three-wheeled motor scooter 
(see photograph) are as follows: It 
has a small enclosed cab on a three- 


¥ 
Shes > 
- Py mn - 
: pS . he" 
Mien, Yates 


Fy tithe 


wheeled chassis. This cab affords all- 
weather protection to the meter 
reader and the rear compartment 
enables him to carry an additional 
meter reading stick and other equip- 
ment to clean out meter boxes. 

The scooter is painted in Atlanta 
Water Works’ contrasting colors 
( blue white with red wheels) 
x the operator greater pro- 
tecton from passing traffic. It has 
the same gear shift as a car and the 
clutch is of a type that makes it pos- 
sible to leave the vehicle in gear and 
put on the emergency brake while 
reading the meter. To proceed, the 
emergency brake is released and gas 
is fed to the unit. 

Che motor scooter can be mounted 
or dismounted from either side with- 
out opening a door or stepping up 
1 down. It has a 5-hp motor, giving 
a top speed of 35 mph and about 50 
miles to the gallon of gas. It is man- 
ufactured by the Cushman Motor 
Scooter Company. 


and 


ai oi ding 


THREE-WHEELED motor scooter simplifies curb meter reading 
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NEPTUNE METER 


MAIN OFFICE: 19 West 50th Street, New York 20, N. Y. . 


Atanta 18, Ga. 

700 Permalume Pl., N.W. 
Boston 14, Mass. 250 Stuart St. 
Chicago 24, i. .4048 W. Taylor St. 


NEPTUNE METERS, LTD. Main Office and Factory: 


Dallas 7, Tex. 
Denver 7, Colo. 
Los Rageies han ' Cal. 


Louisville 17, Ky., 320 Eastern Pkwy. 


BRANCH OFFICES 


oeeeeedI5S Cole St. New York 20, N. v 
..3815 Forest St. No. Kansas City 1 16, 


540 E. Harbor St. Portland 10, ‘Ore 
2 


19 W. 50th St. 
25 W. 
680 N.W. Thurman St. 


COMPANY 


FACTORY: 22-42 Jackson Ave., Long Island City 1, N. Y. 


San Francisco-Ba 
-101 Rollins 
Philadelphia 2, 


15th St. 
Penn Sq. Philadelphia Water Co. 


1430 LAKESHORE ROAD, TORONTO 14, ONTARIO 


Offices: Calgary, Halifax, Montreal, St. John, Vancouver, Winnipeg. 


TRIDENT WATER METERS 


For over 50 years, more Trident 
meters have been purchased than 
any other make. Most of these .. . 
even the oldest ... are still running 
accurately. This long serviceable 
life means lower amortization, ob- 
solescence and replacement costs. 

Trident meters have long led the 
field in design improvements, and 
today are the finest, most modern 
meters available. Every improve- 
ment has been made to fit all older 
Tridents. This is one of Trident’s 
biggest advantages. 

A planned schedule of testing 


TRIDENT 
IN 


Trident meters combine fine-instru- 
ment construction with the inherent high 
accuracy achieved only in disc-type, posi- 
tive displacement water meters. Accurate 


Trident Frost-Proof Meters 


*Del 

Base to U.S. 

Size Wt. Leth. Wdth. Ht. Center Gal. 
In’s Lbs In's In’s In’s of Pipe Min. 





20 
20 
30 
50 
50 


. 
m7 
. 
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Job Tested 
Ten Million Times 


and repair with Trident meters 
gives you a continuous program of 
meter modernization ... at far less 
cost than scrap-and-replace meth- 
ods. Repairs take less time, too, 
aided by Trident’s extreme sim- 
plicity. A moderate stock of only 
the latest parts services all your 
Tridents. You waste no time 
searching or waiting for parts for 
old meters. Trident parts are 
always available. Your repair men 
have no obsolete models to learn. 
If they can repair one Trident, they 
can repair all .. . efficiently, eco- 
nomically. 


METERS FOR DOMESTIC SERVICES 
COLD OR WARM CLIMATES 


at all rates of flow within normal test flow 
limits and remarkably sensitive to small 
flows. 

Trident Frost-Proof Meter embodies 
the original frost-proof meter feature. If 
the water freezes and expands, the cast 
iron bottom cap breaks, relieving the 
working parts from strain. The bottom 
cap can be replaced at very nominal cost. 
For warm climates, the Trident Split- 
Case Meter is recommended. 

Among exclusive features for long 
accurate life are: Gear train is fully oil- 
enclosed, including the stuffing box, to 
isolate vital parts from abrasives, turbu- 
lence, corrosive elements, and to provide 
permanent lubrication. Anti-friction 
thrust roller absorbs disc thrust, making 
the Trident virtually immune to disc 
breakage. Heat-proof, hard rubber bush- 
ings in gear train and register are inter- 
changeable. Sand ring keeps abrasive ma- 
terial out of working parts. Materials are 
corrosion-resistant, with special materials 
for unusual corrosion problems. 


Easy to service and repair . . . makes 
big savings in meter costs over the years. 
Register has no screws. Chamber is snap- 
joint. Disc is in three parts, easy to adjust. 
Guide pins, slots, etc., assist in assembling 
meter properly. 


Trident Split-Case Meters 





*Del. 

Base to U.S. 

Wt. Leth. Wdth. Ht. Center Gal. 
Lbs. In’s In’s In’s of Pipe Min. 


5 8 1 
8 1 

8% 14 

9 1% 
1% 


9 








NEPTUNE METER COMPANY 


STYLE 3 TRIDENTS FOR MEDIUM RATES OF FLOW 


A disc-piston meter for commercial and 
other installations requiring medium rates 
of flow larger than household consump- 
tion, but not great volumes. Also excellent 
for “battery” settings where preferred for 
metering wide flow ranges. In addition to 
sensitivity on low flows inherent in disc 
meters, it has the Trident oil-enclosed 
gear train, heat-proof removable bushings 
in register and gear train, interchangeable 
parts and other Trident features which 
give it sustained accuracy and low main- 
tenance cost. On 1142” and 2” sizes, a 
“delivery adjustment” can be regulated in 
relation to line pressure to prevent racing. 


These two sizes of Style 3 Meters do the 
work of any compound meter of equiva- 
lent size and, being simpler, they do it 
with less cost for maintenance and repair. 


Trident Style 3 Meters 





*Del. 

Base to U.S 

Size Wt. Leth. Wdth. Ht. Center Gal 
In’s Lbs. In’s In’s In’s of Pipe Min. 


12% 10 § y 100 
13 10 § 100 
165% 12% 160 
17 12 4 , i, 160 
24 16% 37 300 
29% 22ys , % 500 
36% 29 ; 1000 








CREST METERS FOR BULK WATER DELIVERIES 


For “bulk” water deliveries at periodic 
or continuous high rates of flow—i.e., 
where mains deliver water to adjacent 
townships; hydraulic elevators, cranes, 
pile-jetting apparatus, etc., the Crest 
Meter is recommended. Of the velocity 
type, a turbine is rotated by the water at 
a speed directly proportional to rate of 
flow. Among features is the hollow hard- 
rubber turbine revolving on agate bearing, 
resulting in minimum friction, maximum 
sensitivity, sustained accuracy. Standard 
Trident register and gear train features. 
All parts interchangeable. 


Trident Crest Meters 





*Del. 

Base to U.S. 

Size Wt. Leth. Wdth. Ht. Center Gal. 
In’s Lbs. In’s In’s In’s of Pipe Min 
1% Ser. 65 8% 16% 6% 100 
1% Fige. 65 13 8% 16% 6% 100 
Ser. 88 6 8% 16% 6% 170 
Fige. 85 17 8% 16% 6% 170 
Fige. 250 2 138% 27% 18% 400 
Fige. 260 2 13% 27% 138% 700 
Fige. 300 3 1454 28% 14% 1600 
Fige. 500 % 17% 30% 15% 2800 
Fige. 800 26% 29% 138% 4400 
Fige. 1200 36 30%, 34% 16% 6400 
Fige. 1950 d 36%, 40% 19% 12400 
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*Am. Wt. Wks. Asso. & New Eng. Wt. Wks. 
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COMPOUND METERS FOR WIDE WORKING RANGES 


Use this Compound Meter for services 
with a maximum demand beyond the 
range of equivalent disc meters—yet with 
the probability of occasional small rates 
of flow. Accurate over a wide working 
range. Measures high rates of flow through 
a Trident Crest Meter unit and small 
flows, which cannot be recorded accu- 
rately by the Crest, through a Trident 
Disc Meter unit. In addition to the stand- 
ard Trident features of both these meters, 
a specially constructed valve automati- 


cally directs the water to the proper unit, 
depending on rate of flow. Single cast iron 
casing. All parts interchangeable. 


Trident Compound Meters 





Base to 
Leth. Wdth. Ht. Center 
In’s In’s In’s of Pipe 


Pas 


13% 
13% 
14% 
15% 
13% 


rormrnrr 

ooem-- 
“ott 

Par 








PROTECTUS METERS FOR FIRE SERVICE LINES 


Designed {.. fire line use where both 
high and low flows occur, and loss of head 
is an important factor. Meets such re- 
quirements with (a) accuracy on all flows 
and ‘b) low loss of head plus reliability 
of operation, satisfying both Water Works 
officials and Underwriters. Measures low 
flows through a Trident Disc Meter unit. 
Large flows are measured proportionally 
by a Trident Crest unit. Water-way is 
clear, unobstructed. Both units have 
standard Trident features which insure 
accuracy, long life and low maintenance 
cost. 


Trident Protectus Meters 





Leth. 

In’s Base to 
Wt. Incl. . Ht. Center 
Lbs. Incr. A In’s of Pipe Mi 


700 % 22% 21% 8 

900 24% 8 
1600 ¥ 9 27% 10 
2250 89° 2 30% 11% 
3400 98% 38% 37% 14% 





*Am. Wt. Wks. Asso. & New Eng. Wt. 
Asso. Std. Specifications 


NEPTUNE METER COMPANY 
New York 20, N. Y. 
See Page R-174 for Branch Offices and Factories 
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Meter Maintenance Increases Revenue 


‘ NCE you have meters in your 
water system, proper meter main- 
tenance is a logical step. I think you 
will agree that if meters are worth 
installing in the first place, they are 
worth keeping at top efficiency. 

There are two major phases in 
water meter maintenance. One is the 
problem of testing them; that is, to 
see at just what level of accuracy 
they are performing. The other major 
aspect of maintenance is the problem 
of repairing them so they will op- 
erate properly. 

[here are many details involved 
in both these phases of water meter 
maintenance. Before discussing them, 
I would like to enumerate some of 
the reasons for maintenance. As you 
know, any mechanical device is sub- 
ject to wear and requires a certain 
care and service. Water 
meters are no exception. Today most 
water system operators are no longer 
taking it for granted that once meters 
are installed, the problem of accurate 
recording of water delivered is solved. 
Of course, we have all heard of.cases 
where meters have functioned for 
30 or 40 years without stopping, but 
experience has led the water works 
industry to appreciate that meters 
should be checked for accuracy at 
intervals between every five and ten 


amount of 


years. 
' If a meter has not stopped after 
many years of service, it may still 
have suffered from wear. Even the 
best made meters, designed and man- 
ufactured according to the highest 
standards, can in time be expected 
to show the results of use 


Basic Reasons for Maintenance 


The basic reason for proper main- 
tenance is that of fairness. If a meter 
is not functioning properly because 
of wear, it results in under-registra- 
tion. And this means that some con- 
sumers are, in effect, getting the 
equivalent of a reduction in their 
rates ranging anywhere from 5 to 50 
per cent. It also means that the rate 
approved by the city council or the 
state utility regulatory body is not 
actually being realized. 

Primarily, however, the water sys- 
tem itself suffers from the unfairness 
that results from under-registration 
caused by improperly maintained 
meters. The injustice is done to the 
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by M. O. HAZLETT 


Neptune Meter Co., Boise, Idaho 


men who operate the water works, 
because the system does not actually 
receive revenue for all the water it 
produces, treats and delivers. 

Realization of the importance of 
complete and accurate meter regis- 
tration is one of the main problems 
in water distribution. The percentage 
of accounted-for water is directly 
affected by accurate registration. This 
occurs because excessive loss of water 
is corrected by the detection and re- 
pair of leaks in services, hydrants, 
toilets and other fixtures. 

Experience has shown that systems 
which suffer from extremely high per 
capita use benefit from accurate reg- 
istration of water delivered. In the 
final analysis this results in saving 
in production, purification, and dis- 
tribution costs and in many cases 
contributes to increased revenue. 

Only by accurately measuring the 
water delivered against that consumed 
can the leakage or waste within the 
system be held to a reasonable limit. 
An interesting series of tests con- 
ducted at Hartford, Conn., indicated 
that in houses equipped wtih tank 
toilets 27 to 50 per cent of the total 
amount of water used was at rates 
less than one gallon per minute. Ob- 
viously, it is vitally important that 
meter maintenance be carried to such 
an extent that accuracy is preserved 
well below the one gallon per minute 
rate. 


Frequency of Meter Testing 


To determine whether a meter is 
registering with accuracy calls for 
tests to be made. Tests are generally 
made before new meters are installed 
or after old ones have been repaired. 
But the problem that comes up in 
periodic testing is the problem of 
frequency. “How often should water 
meters be tested,” is the question that 
comes up when thought is given to a 
meter testing program. 

In many states the utility regulatory 
bodies have set arbitrary limits that 
range from 5 to 10 years. This refers 
to the %-inch residential size meter 
which is in most common use. In 
some cases this limit is set on total 
registration figures rather than on a 
time limit, such as 100,000 cubic feet 
on the %-inch meter. 

Actually, the determination of fre- 
quency of meter testing depends on 


local conditions. Various factors enter 
into this problem. Water _ supplies 
differ materially in the character of 
the water, and the effect of various 
kinds of water on meters varies 
greatly. Water pressure may also be 
a contributory factor affecting the 
functioning of meters. While Oregon 
has a rule requiring testing every 
three years, the average for other 
states is either five or ten years for 
those states that do have a rule. And 
in a few cases the rule provides for 
testing every seven or eight years. 

The selection of a particular cycle 
depends on the results of experience 
in each local situation. Accurate rec- 
ords of meters tested, together with 
the costs of parts and labor involved, 
will help determine the frequency 
finally adopted. 

In addition to the factor of the 
quality of water which differs in each 
system there are other elements that 
make it virtually impossible to set 
universal rules in the field of meter 
maintenance. 

Cost of repairs, which includes 
labor, transportation of meters from 
homes to the shop, and the efficiency 
of different systems are all factors 
that enter into the picture. And they 
are all factors that vary not only from 
state to state, but from town to town 
in any particular state. 


The Meter Maintenance Program 


d@ wo general rules that apply to the 
problem of whether or not it is worth- 
while to set up a maintenance pro- 
gram can be cited here. 

One rule, less complicated than it 
appears, states: “In any period of 
time the highest net revenue from a 


metered water system is received 
when the cost of meter repair and 
maintenance just equals the loss of 
revenue if such work is not done.” 
“Highest net revenue” means total 
collections less meter maintenance and 
repair. “Period of time” is any period 
of years, during which all meters 
have been in the shop at least once. 
Another rule (stated by George 
Sopp, a nationally known expert from 
the Los Angeles Department of 
Water and Power) expresses the 
same thought in another way. Here 
is what it says: “It is economically 
advisable to remove a meter for test 
and overhaul when the average an- 
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CHAMPAIGN, ILL.—Test bench of meter shop where ten residential-size meters can be tested 


simultaneously 


nual cost of such removal and over- 
haul is equal to the average annual 
loss of revenue because of the de- 
creased efficiency of the meter.” 

After frequency, the problem that 
comes up most often in meter testing 
is the rate of flow at which tests 
should be made. Available reports 
show that tests are conducted at %- 
inch or % x %-inch at 20 gpm, 34- 
inch at 30 gpm, etc., depending on 
size (1 or 2 gallons per minute) and 
at a rate of %4 gallon per minute. 

All testing recommendations call 
for tests to be made at % gallon per 
minute, because of the large volume 
of water that is consumed in the 
average home at the low rate. Then 
too, it must be kept in mind that 
drips and small leaks are generally 
at such low rates of flow that they 
will not register accurately or at all 
on any but sensitive meters. 

The importance of low-flow test- 
ing cannot be stressed too much, since 
the great majority of domestic water 
meters are used in services where 
small flows, one gpm or less, predomi- 
nate; these small flows make up a 
total of as much as 50 per cent of total 
volume of water consumed. 

The meter is often called the cash 
register of the water works industry. 
A cash register that is inaccurate in 
recording small denominations would 
be objectionable in a retail shop and, 
similarly, in retailing water the im- 
portance of low-flow accuracy is ap- 
parent when it is recalled that a large 
percentage of the consumption of the 
average water utility is in the retail 
shop classification. 

The first step in starting a program 
of meter maintenance is to remove 
either the oldest meters from con- 
tinuous service, or those meters that 


have the highest total registration. 
In this way, the system would bene- 
fit the most by getting its oldest 
meters removed from service, in- 
spected, overhauled and tested. 


The Meter Testing Installation 

Now, before turning to a few com- 
ments on repairs something should be 
said about the equipment and facili- 
ties needed by the average small-sized 
system. The first requisite is to supply 
adequate space. This should be suffi- 
cient to house equipment properly 
without crowding. There should also 
be enough room for storage of repair 
parts as well as new and repaired me- 
ters. 

In regard to the test branch; it is 
well to consider, even for the smallest 
type of shop, the advantages of a 
multiple testing unit where from four 
to ten small meters can be tested at 
one time. Again let me quote Mr. 
Sopp (Los Angeles Department of 
Water and Power) who stated that 
“an appreciable saving in time and 
effort can be gained [by multiple test- 
ing] over that of a single meter test 
bench operation. 

Equipment for the test bench 
should include a 10-cubic foot or 
100-gallon, and 1-cubic foot or 10- 
gallon, test tank and a test flow in- 
dicator. The low-flow indicator is 
generally considered essential to the 
proper control of the rate of flow 
passing through the meters during 
the testing procedure. 

Other equipment for shop work 
should include some equipment for 
cleaning of meter cases; at least two 
adequate and sturdy work benches, 
preferably metal topped; one small 
bench for gear train and register re- 
pairs; a deep-set sink near the bench 


for washing parts; buffers; miscel- 
laneous hand tools; dies; drills; ete. 
Mostly, this equipment is available 
at local hardware stores, or from 
meter manufacturers. 

A portable meter should be avail- 
able to prove to the consumer as well 
as yourself that an installed meter is 
running accurately. Portable meters 
usually can be connected to a sillcock 
or outside faucet, in order to check 
the meters in the pit or box. If you 
cannot afford to buy a portable, order 
a new meter from the manufacturer 
and state what you are going to use 
it for. | do not recommend this as a 
means of testing, as any error here 
through wear or dirt and sand will 
throw the service meter off. This field 
testing method does help public rela- 
tions, and if the service meter does 
not register close to the portable 
meter it can be taken in and tested on 
the bench. 


Steps in Meter Repairing 


It must be recognized that the 
demonstration of repair procedures is 
the best way to understand that 
meters can be effectively repaired 
without complicated equipment. 

The steps called for in meter repair 
work, after the meter has been tested, 
begin in careful disassembly of the 
meter. Particular care should be given 
to the disc and chamber, since it is 
absolutely essential that they be prop- 
erly repaired if high accuracy is to 
be obtained. 

The disc chamber should be care- 
fully cleaned. Special attention should 
be given to the gear train. All gears, 
spindles and bushings should be 
checked for wear. We recommend the 
gear train be disassembled whenever 
a meter is being repaired, if needed, 
the new parts should be added, and 
new bushings should be installed, as 
well as screws holding the train to- 
gether. If the oil-enclosed type is 
used, individual gears may be sub- 
stituted. 

The stuffing box and register need 
careful attention, to assure that no 
binding action will cause accuracy to 
fall off, especially at the low flows. 
After all parts of the meter have been 
given necessary attention, and the 
meter is reassembled, testing after re- 
pair is necessary proof of workman- 
ship. If the meter does not run 
accurately, then it was not repaired 
properly. Standards for meter per- 
formance after repairs are generally 
the same as those for new meters. 


Payment for Meter Repairs 


One of the questions that fre- 
quently arises in connection with a 
meter maintenance program is “Who 
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KENOSHA, WISC.—Meter testing and repair shop layout featuring adequate 


should pay for the repairs?” This is 
an interesting question which has 
been answered more or less similarly 
by the operators of many water sys- 
tems 

[ypical of how this problem has 
been solved is a report from Kala- 
mazoo, Michigan. Here is what Earl 
E. Norman, the manager of the City 
Light and Water Utilities reported: 

‘We operated under the plan of 
charging customers for meters and 
repairs and found that there could be 
no worse plan, relative to public rela- 
tions. An extra charge of any kind, 
regardless of how justified it may be, 
irritates the public. We have, there- 
fore, eliminated extra charges en- 
tirely. 


“We 


feel that a public utility, 
whether it sells water, gas, electricity, 
or steam, and whether it is privately 
or publicly owned, should charge for 
the commodity sold, at the meter, and 
should make no other charges. We be 


lieve it should maintain at its own 
expense the metering devices and the 
distribution system up to the point 
of measurement.” 

Another aspect of the repair costs 
involved relates to the occasions when 
the customer is at fault. In many sys- 
tems the customer, in such instances, 
is charged. Typical of this attitude 
is the procedure reported by the 
Board of Water Commissioners in 
Detroit. Here is what they say: 
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“On 2-inch and smaller meters we 
make all repairs, except those caused 
by customers’s carelessness or lack of 
protection, such as frozen meters, 
recurrent damage by hot water, 
breakage by actions of owners or 
tenants, etc. We think this is equi- 
table.” 


Experience with Meter Maintenance 


In conclusion, I would like to re- 
port some experiences of maintenance 
programs in various parts of the 
country. Proven results are the most 
convincing arguments in any field, 
and they apply particularly in the 
water works industry. 

Three years ago, the town of Win- 
chester, Virginia, initiated a program 
of meter testing and repairing. At the 
last report, half of the town’s 4,200 
meters had been taken out and tested, 
overhauled and replaced. 

This is what S. H. Reeves, super- 
intendent of Water and Sewers had 
to say: “Our records show the pro- 
gram has increased revenue, in those 
areas where the project has been com- 
pleted, by more than 14 per cent. 
Not only is our program paying for 
itself, but it is also substantially in- 
creasing the city’s water revenue.” 
That report is from a town of only 
14,000 population. 

A similar experience is reported 
from Green Bay, Wisconsin, a town 


space and plenty of light 


of 46,000 population. A meter survey 
was conducted between the years 1937 
and 1940, during which time 10,072 
meters were repaired at a total cost 
of $21,115. 

In 1936, before the survey started, 
64 per cent of the 1,064 million gal- 
lons of water pumped was accounted- 
for, and $264,877 was received in 
revenue. 

In 1940, the year the survey was 
completed, 81 per cent of the 1,066 
million gallons pumped was ac- 
counted-for and $301,245 was re- 
ceived in revenue. These figures show 
that almost the same amount of water 
was pumped during the year before 
the survey started as was pumped the 
year it was completed. The same rates 
were in effect during both years, but 
the revenue received by the depart- 
ment was $36,367 greater in the year 
the test and repair program was con 
summated. 

Thus, we see that in this Wisconsin 
city, the increased revenue during that 
one year more than paid for the cost 
of the entire meter test and repair 
program. 

To sum up, it should be emphasized 
that this type of experience has been 
reported over and over again. Re- 
ports from all parts of the country 
confirm that effective maintenance 
procedures result in both curtaiied 
water waste and in increased revenue 
for the water system. 





Incentive Pay Plan for Meter Shop Output 


Philadelphia first to adopt incentive pay plan as feature of 
meter-shop reorganization on a production line basis. 


RIOR to 1918, there were few 
water meters in Philadelphia. At 
that time it was decided that metering 
should be initiated, and an ordinance 
of the City Council in that year re- 
quired that all new construction built 
in Philadelphia after that date be 
equipped with a meter on the water 
service line. Later, another ordinance 
required that all commercial and in 
dustrial establishments be metered 
regardless of age. By 1952 there 
were more than 500,000 active water 
services in Philadelphia of which 
about 320,000 were metered and 
180,000 were unmetered. All of the 
unmetered services were in resi- 
dences older than 1918 and were 
scattered throughout the city. 
During 1952 the decision 
made to complete the metering of the 
which meant the installa 
meters on the 180,000 
water service lines then unmetered. 
At the time the decision was made 
to complete the metering of the city, 


was 


city 
water 


entire 
tion of 
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ndent of Water Works at Philadelpt 
it was decided that all water meters 
would thereafter be installed or re 
moved only by Water Department 
employees. Prior to this time meters 
had been installed by plumbers with 
the Water Department employees en- 
gaged only in removal or reinstalla- 
tion when meters required repairs. 
This decision was not popular in 
some areas and resulted in a law suit. 
The suit was filed against the City 
officials, particularly the Water Com- 
missioner, contending that the City 
and the Water Department were de- 
priving plumbers of business enter- 
prise by insisting that consumers buy 
meters only from the City, and that 
the Water Department make the in- 
stallations, contending that the 
quirements of the Water Department 
regulation on universal metering were 
discriminatory and that the City was 
violating the Constitution of the 
United States and that of the Com- 
monwealth of Pennsylvania. 


re- 


a 


ré 


The trial occupied several days of 
testimony and became quite involved 
The Lower Court handed down its 
decision on June 17, 1954 reciting 
thirty findings of fact, all thirty of 
which were favorable to the position 
of the City and the Water Commis- 
sioner, as defendants in the case. 

The decision of the Lower Court 
was appealed to the State Supreme 
Court and was heard by the high 
court in January, 1955. The State 
Supreme Court handed down a de- 
cision upholding in full the findings 
of the Lower Court and Universal 


Metering was resumed. Our schedule 
calls for completion of the metering 
of the entire City by June 1, 

This case for reference purposes 


1957 


as 2D&C24761. It 
Pennsylvania 399. 


is listed was al 


firmed in 382, 
The Meter Repair Program 


\n entirely new concept of water 


meter repair was instituted about 


CONVEYOR carrying repaired meters from assembly benches to the test benches. 
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METER check-off list used by 
the meter inspectors for or- 
dering replacement parts 


go in Philadelphia and 
| in a vast increase in 
of meters repaired, with 
of the number of person- 
and at a considerable 
t verall cost 
1952 there was a large back-log 
still in service 
premises in Philadel- 
meters totaling about 
30,000, were supplemented by an ad 
5,000 meters in the Meter 
Shop awaiting repairs. These 


red 


meters 


inrey uired 


sumet 5’ 


phia. These 


vere being repaired at the 
ibout 400 a week. The cus 
procedure, then, was for each 
in the shop to service a 
its entirety himself; in 


ind 


by 
ge dismantling, cleaning 
industrial con 
emploved to 
Meter Shop and 
As a 
the Meter Shop 
equipment 


In 1952 a firm of 


sultants was review 
operation of the 

impr 
sult of their survey 


recommend yvvements 


is re organized, new 
cl il, a 


pu asea 
ished 


il Incentive 


new procedure estab 
and the employees placed on 
Pay Plan. This is 
lieved to be a complete innovation in 
ompet municipal emplov 
ees, but it has proved well its worth 


Philadelphia 


be- 


sation of 


Replacement of Meter Parts 
Ne yw, 


Repair 


as the meters come into the 


Shop, the necessary records 
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STOCK ROOM, with clerk filling meter inspector's order by placing 
replacement parts in meter pan 


taken and then the meter moves 
break-down bench where the 
main case bolts removed with a 
power wrench known an impact 
wrench. Following this, the meter is 
disassembled and all of the parts 
placed in a square steel pan about 2” 
deep and 15” square. Portions of the 
meter are then given an acid dip to 
remove scale and grease, after which 
the clean parts rinsed and then 
the meter and parts go to an inspec- 
tion bench. Here the inspector care- 
fully examines each part of the meter 
to whether it can re- 
used discarded 


are 
to a 
are 


as 


are 


be 
\s 
meter part he makes a 
mark the checkoff repro- 
duced herein, and the remaining parts 
of the meter, with the checkoff sheet, 
in the steel pan and rolled on 
Nat- 
im- 
re- 


determine 


or must be he 
discards a 


on sheet, 


put 
a conveyor into the stockroom 


are 


urally, this operation is a very 


the 


system 


portant part of repair and 


Che 


must be thoroughly experienced and 


placement inspector 
know his business, if new meter parts 
not to be wasted or a meter re- 
assembled only to fall short on the 
test bench and have to be returned 
for dismantling and re-assembly. 
The stockroom clerk the 
checkoff list to place in the pan, a 
part for each one properly marked 
on the list. The complete meter with 


are 


uses 


the old and new parts then travels 
to a window where the men on the 
repair bench take over the meters 
for assembly. The stockroom clerk 
keeps the checkoff lists and totals 
them at the end of the day for his 
inventory records. 


The Repair and Assembly Bench 

The man at the assembly bench 
put the meters together, gives them 
a quick water and air test to see that 
they are operating properly, and then 
places them again in the steel pans 
following they travel on a 
conveyor to the test bench. All meters 
are given a thorough test and any 
meter not meeting the test is re- 
turned for correction to the man who 
assembled it. After test, the meters 
are rolled on another conveyor to the 
paint spray booth, where they are 
given a coat of paint and then placed 
on racks to be installed in 
ers’ premises. 

In summary, the 
through the shop on a_ production 
line basis. No one has to carry a wa- 
ter meter more than five or ten feet 
in the shop. They f one 


which 


consum- 


meters move 


trom 
process or location to another by 
gravity roller conveyors, each meter 
being kept to itself in its steel pan. 
Each step in the operation is per- 
formed by one man who is especially 


move 





OLD METERS are dis-assembled with impact wrench for 


removing case bolts. 


trained and. qualified for that step. 
We are current!y repairing about 
1,400 meters a week ii the shop with 
the same number of employees that 
formerly repaired 400 a week, and 
the repair work is being satisfactorily 
done. 


The Incentive Psy Plan 


One of the most important devel- 
opments with the in- 
creased production in the meter shop 
is the incentive pay plan on which 
most employees work. Time studies 
were carefully made of each opera- 
tion and a standard established for 
that operation. The standard minute 
is a 60 second minute and each oper- 
ation receives a credit in seconds and 
fractions to make up the total amount 
of work that a man should be able to 
do in 60 seconds. If he exceeds ‘this 
basic standard, he receives additional 
pay for the extra work done, in a 
cordance with the established stand 
ards. If a man fails to meet the stand 
ard, he receives the standard pay re- 
gardless of his deficiency; but if a 
man consistantly falls below the 
standard, he is given another as 
signment or let go. It was this guar 
antee of the basic wage which 
brought about approval of the plan 
by the union. 

In determining the standards, con- 
sideration was given to the difficulty 
of the work on different makes of 
meters meters 


in connection 


some receiving a 


larger basic standard for certain steps 
than other makes of meters. Records 
are kept of each man’s operations 
each day, and the total number of 
minutes of effective work he has pro 
duced during the day are considered 
in making up his daily wage. Field 
operations of removing and instal 
ling meters, or making minor repairs 
on the consumers’ premises, are also 
on an incentive pay basis. Credit is 
iven for each operation performed 


SPRAY PAINTING of repaired and tested meters which 


move into storage. 


by a field man. For example, he re 
ceives a certain credit for a “‘no-re 
sponse” when there is no one home. 
He receives certain credit for remov- 
ing an old meter and installing a new 
vne, and he receives certain credits 
fur minor repairs such as re-packing 
a stuffing box. Reasonable driving 
time is allowed in moving from one 
job to another. Each installation crew 
is given a larger volume of work 
than they can accomplish in one day 


REPAIRMAN at an assembly bench. 


» background with meter in pan. 


oller nve 
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LARGE METER under test in shop. Incentive pay does not apply in large 
meter repair and testing for reasons given in text. 


» that there is assurance that they 
have plenty of work to keep them 
isy during the day. Shop and field 
tions are made on a spot-check 

ee that the work is properly 
e basic pav standards were ap 
ved by the Civil Service Commis- 

d have been revised once since 
originally instituted. In 


the basic standards were 


were 

ises, 
ncreased and others decreased as a 
operating experience under 

known, 
is the only incentive pay plan in 


w plan. So far as ts 
ration in a municipal water sys 
und it is working satisfactorily 
men earn an in 
20% 


verage the 
amounting to 
base pay, and the volume of 
work being done has greatly in 

an over-all reduction in 
repeat, the work is 


centive bonus, 


of thet 


creased with 


abor costs. To 


handled un 
plan because 


meters are not 
incentive pay 


of the wide variation between makes 
and types and the repair work which 
must be done. Both field and shop 
employees in handling large meters 
are in a higher classification schedule 
and receive higher standard pay. The 
institution of an incentive pay plan 
does not 


for handling large meters 


+ 


appear to be practical 


What it Has 
Accomplished 


All together, the revised schedule 


and new method of operation has 
tripled the number of meter repairs 
made per month in the shop, and has 
also resulted in a vast improvement 
in field operations. Within two years 
after the incentive pay plan was 1n- 
stituted and the procedure in 


the shop started, the backlog of meter 


new 


complaints was wiped out, and today 
the Meter Shop 


with service work 


is practically current 


Prior to 1953 meters had never 
been brought into the shop except on 
complaint, indicating that they had 
either stopped or were leaking or in 
bad order. As a result, there are 
many thousands of meters in the 
system which have never been in- 
spected or repaired. In 1954, a rota- 
tion schedule was established under 
which all meters will be brought into 
the shop for repair at least once in 
ten years. It is felt that this rotation 
schedule wil result in better meter- 
ing of the water and a definite in- 
crease in revenue. Many of the old 
meters brought in are found to be 
non-registering at the low flows. Be- 
cause the meters had been neglected, 
the cost of repairs is higher than it 
would be for meters kept in good 
condition. The labor is very little 
more in cost, but the parts are run- 
ning considerably above the average, 
due to the bad conditions of the 
meters. We are currently finding that 
the labor costs for repairing a % 
inch meter are $1.75. Before the new 
plan was instituted, the labor cost 
for these repairs was $3.50 om the 
average. 

Philadelphia is now completing the 
metering of the entire city and will 
very shortly have over 500,000 active 
metered accounts. The Universal Me- 
tering program has been previously 
described in other articles. The devel- 
opment of the Universal Metering 
program, together with the re-organ- 
ization of the Meter Shop and the 
schedule of rotating meters, has re- 
sulted in definite improvement in the 
over-all metering practice in Phila- 
delphia. Substantial increases in rev- 
enue are resulting from the new cur- 
rently being kept in good repair. 

Anyone interested in our meter 
shop reorganization, or Incentive Pay 
Plan in the metering program, is in- 
vited to come to Philadelphia to in- 
spect our operations and obtain more 
details than could be given in an ar- 
ticle of this length. 
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Solvent Cleaning of Meters 


EW MUNICIPAL functions are 

as efficiently administered as that 
of public water supply. Further eco- 
nomies in that field are difficult to ef- 
fect. A small but important economy 
practiced by the City of Hamtramck, 
Mich., which should be of general in- 
terest is its meter reconditioning pro- 
gram. 

Water meters, like any other equip- 
ment, represent a substantial invest- 
ment on the part of the city. Too fre- 
quently they are an investment that 
is out of sight and, unfortunately, out 
of mind. But since the city of Ham- 
tramck inaugurated its modern pro- 
gram of meter restoration, it has re- 
alized substantial economies and has 
immeasurably improved the quality 
of its reconditioning work. The sim 
ple process which we employ first 
came to the attention of the writer 
at the AWWA Convention in Chi 
cago, in 1949. Known as the “Ke- 
lite Dip Method,” it has become our 
standard method for renovating Bad- 
ger, Worthington-Gamon and Fed 
eral Meters. 

The term “dip-method” is an ac 
curate description of the procedure. 
All cleaning, descaling, brightening, 
etc., is accotnplished solely by dip 
ping the component parts of the me 
ters into successive liquids designed 
specifically for the job. Since there is 
no special equipment required, the 
cost of inaugurating the program in 
a city the size of Hamtramck amounts 
to the price of three five-gallon earth 
enware containers plus the modest 
cost of the liquids. 

In “dip reconditioning” the 
step is the complete disassembly of 
the meter. Obviously, this operation 
is required regardless of what meth- 
od of reconditioning is used. The dis- 
assembled meter parts are then 
placed in a small wire basket and 
dipped consecutively into the three 
room-temperature solutions, with hot 
water rinses between each dipping. 
Reassembly follows the final dip 

The first dip is for the purpose of 
dissolving gummy, oily or greasy ac- 
cumulations. The liquid employed is 
a commercial solvent known as Kelite 
Formula 555. Like all the liquids 
used in the process, it is non-flam- 
mable and requires no heat. When 
used according to directions, it is 
harmless to all metals used in water 
meter construction. 

The second dip is for the purpose 
of dissolving the rust and mineral 
scale deposits so frequently the cause 
of excessive wear or stoppage. This 


first 
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Water Ser Hamtramck M 


@ supervisor 
1s accomplished by means of a solu- 
tion known as Scale-Off. 

It will be noted at this point in the 
process that, while thoroughly clean, 
the metals have been tarnished by 
the chemical rust and scale remover. 
The tarnish is, however, a superficial 
condition and is readily removed by 
immersion of the parts in the third 
and final dip. This last solution, Me- 
tal-Brite, has a sterilizing as well as 
a brightening action. Rinsed and 
dried, the parts are found to be bright 
and clean as new—ready for reas- 
sembly. 

According to the recommendations 


of the AWWA, water meters should 


be checked and tested every seven 
years. A city of 43,300 citizens, Ham- 
tramck requires 7,700 meters to 
maintain its 100 per cent metered 
service. This means that we have 
the routine job of reconditioning 
1100 meters a year, plus the usual 
repairs and reconditioning jobs oc- 
casioned by failures, stoppages, etc. 
Such a program would be an in- 
volved and costly undertaking for 
our small community were it not for 
new development in cleaning 
parts. With it, however, we 
able to prove that new 
possible. 


this 
metal 


} 


have been 


econonnes are 





ae 4 ° 


«o 


HAND DIPPING removes grease, descales and brightens meters. 
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WATER TREATMENT 


W HEN WATER REQUIRES 

treatment before it can be used 
for municipal or industrial purposes, 
the treatment processes are commonly 
termed purification. The kind of treat- 
ment employed in water purification 


depends the characteristics of the 


vater and its intended use. 

The steps employed in water puri- 
fication include these unit processes ; 
coagulation, mixing, sedimentation, 


filtration, disinfection, aeration, ab 


sorption, chemical oxidation, 1o0n-ex- 


change, chemical precipitation and 


stabiliz 


Coagulation, Mixing and Flocculation 
As the first step in the removal of 
suspended and colloidal matter from 
hemical coagulants are added 


chemical handling 


this nNurpose 


‘ee 
chemical feeders and con 


st9TyTY)? if 

juipment 
, 

trols are 


re juired 

When chemicals are first added to 
the water, it is necessary to disperse 
the chemical quickly throughout the 
water. This action is known as rapid 
Slow mixing follows for the 


that is to 


mixing 
purpose of flocculation, 

an agglomeration of colloids 
nely divided suspended matter 
which will settle 


mto large flocs 


readily 


Sedimentation 


Sedimentation or the settling of 
solids under the influence of gravity, 
provides for the removal of the sus- 
pended and precipitated matter. This 
treatment takes place in tanks de- 
signed to produce the desired flow 
through period tanks, either 


rectangular or circular, are equipped 


These 


with valves, level controls, and devices 


for the removal of the settled solids. 


Filtration 


Suspended matter remaining in 
water after sedimentation can be re- 
moved by passing the water through 
beds of porous material, usually sand. 
Crushed anthracite coal also may be 
used. The filter medium (sand or an- 
a box like 


thracite) is contained in 
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structure with a valve system to con- 
trol the flow of water and an under- 
lrain collection system. 

There are two types of sand filters : 
slow sand in which the water flows 
through the filter medium at less than 
0.2 gal per sq ft per min; and rapid 
sand filters in which the flow rate is 
from 2 to 5 gai per sq ft per min. A 
third type of filter is the diatomite fil- 
earth is 
removed 


diatomaceous 
the 
on a porous septum, 


ter in which 


mixed with water and 

The removal of suspended and col- 
loidal matters by 
plished in this manner. Particles lar- 
ger than the pores are strained out, 


filters is accom- 


particles smaller than the voids catch 
on and adhere to sand grains or other 
matter previously removed. Micro- 
organisms for sticky coatings on sand 
and attract and hold other particles. 

The filter box contains an under- 
(for filter bottom) 
above which is a layer of coarse grav- 
el, topped by a sand or 
crushed anthracite. Valves are used 
to control the flow of water onto the 
filter and a controller on the effluent 
maintains the flow of water through 
the filter at a constant rate. 


drain system 


layer of 


When the filter becomes clogged as 
indicated by loss of head in the filter, 
it becomes necessary to backwash it. 
Incoming’ water is shut off and by 
proper valving operations, clean wa- 
ter is forced upward through the sand 
and out to waste carrying with it the 
impurities and foreign matter that 
have accumulated in the filter during 
operation. The length of filter wash 
period depends on the dirtiness of the 
filter but 
sufficient. Surface washing is some- 


3 to 5 minutes is usually 


times used along with upward wash. 
Washing operations can be initiated 
and controlled automatically. 


Aeration and Taste 
and Odor Removal 

The purpose of aeration is to im- 
prove the quality of water, particular- 
ly with respect to tastes and odors. 
Types of aerators may be waterfall, 
air diffusers, or spray nozzles. 

Other methods of taste and odor 
removal employ either preventive or 
corrective treatment. Preventive 
treatment consists principally of at- 


tacking the causes, especially algae 
control by copper sulfate. Corrective 
treatment consists of either chlorina- 
adsorption on acti- 
control of odor re- 
moval is based on the threshold odor 
number and its determination. 


tion or removal by 
vated carbon. The 


Softening and Stabilization 
Chemical precipitation is involved 
in both coagulation and in softening. 
The purpose of softening is to remove 
unwanted salts of calcium and mag- 
nesium. This treatment may be ac- 
complished by the addition of lime or 
lime and soda ash to the water. An- 
other softening method utilizes ion- 
exchange and no precipitation. 
Waters 
oxide or have a pH below neutral or 
have low alkalinity tend to be corro- 


which contain carbon di- 


sive to mains and household services. 
Lime softened waters sometimes tend 
to deposit scale. Treatment to over- 
come both of 
termed stabilization. 


tendencies is 
Stabilization of 
corrosive waters is accomplished by 
pH adjustment, usually with lime. 
Stabilization of lime softened water 
may be accomplished by recarbonation 
with carbon dioxide, by the addition 
of alum, or by the addition of sodium 
hexametaphosphate, the 
threshold treatment. 


these 


knewn as 


Miscellaneous Treatment 


Fluoridation is not really a water 
treatment process but rather is a proc- 
ess for the adding of a chemical to 
water supplies, as a carrier, in order 
to provide a micro-nutrient to the diet 
of consumers. The purpose of adding 
fluoride ions to water is based on the 
that children who 
sume water containing no more than 
1.0 mg/L of fluoride ion, have ap- 
proximately 60 per cent less dental 


observation con- 


cavities than children who do not 
drink such water. 

Other miscellaneous treatments 
may include ozonation for disinfec- 
tion and taste and odor control, de- 
mineralization, defluoridation of wa- 
ters high in fluoride ion, and deoxy- 
genation especially for industrial wa- 


ter supplies. 





Seven Years of High-Rate F iltration 


Engr 


NUMBER of filters in the Chi- 

cago South District Filtration 
Plant are now in their eighth year of 
continuous operation at rates in ex- 
cess of 2 gpm per square foot of fil- 
ter surface. On Feb. 1, 1948, eight 
of the 80 filters then in operation 
were set at a rate of 4 gpm per square 
foot by adjustment of the filter rate 
controllers. Nine months later, four 
of these eight were reset at a rate of 
4.5 gpm, and two additional filters 
were set at 5 gpm, making a total of 
ten filters operating at high rates. The 
purpose of this paper is to present a 
summary of operational data for these 
filters for the 7-year period begin- 
ning in 1949, (Since neither the num- 
ber of filters nor their rates remained 
constant during 1948, the data for 
that year are not included in this pre- 
sentation. ) 

The experience with these filters 
through February 1950 has previous- 
ly been described by the author"). 
The paper included a number of ta- 
bles comparing average monthly 
rates and two tables indicating the 
results of daily tests of turbidity and 
floc volume for the 5-gpm filters. The 
opinions and conclusions expressed 
in 1950 are as valid today as when 
written. Each additional year’s ex- 
perience provides added confirmation 
of the accuracy of the data. Since that 
time, monthly averages have been 
tabulated annually in the plant’s pub- 
lication, Pure Water. In the present 
summary, however, only yearly aver 
ages are supplied in most of the ta 
bles. 

The time in which a filter can be 
maintained in service is important. 
This is especially true of high-rate 
filters, as they require more filter 
washes per day. The entire washing 
-washing the filter and clos- 
ing the backwash valve, opening the 
influent valve to allow the filter tank 
to fill with settled water, and opening 
the effluent valve—requires about 15 
min. For average filter runs of 24-hr 
duration, the time out of service 
amounts to 1.04 per cent. This is not 
quite correct, however, for 15 min or 
longer may be required to drain the 
water above the sand bed almost to 


I yrocess- 


* Reprinted from JAWWA, Vol. 48 No 
5, p. 585 (1956) 


f Water Purit Div 


by JOHN R. BAYLIS 


f Water Purif., Bureau 


the level of the sand, as is customary 
practice. When the influent valve is 
closed, the water level will begin to 
decline. If the loss of head for a given 
filter is 8 ft, and the available loss of 
head is 10 ft, the filtration rate will 
start to decline as soon as there is no 
longer sufficient head to maintain it. 
At the end of the draining-down pe- 
riod the filtration rate may be less 
than half what it was at the time the 
influent valve was closed. The vol- 
ume of water filtered during the 
draining-down period may be only 
three-fourths of that which would 
have been filtered if the rate did not 
decrease. At a rate of 5 gpm, this is 
the equivalent of a loss of 3.75 min. 
As it would require considerable time 
to take this loss into account, it was 
not done. The time a filter is out of 
service, as indicated in Table 1, is 
based entirely upon the filter opera- 
tor’s record, which shows the time 
the effluent valve was closed and the 
time it was reopened, but does not 
account for the reduced rate. The 
time the filter is in service would be 
about 0.5 per cent less than the figure 
given in the table. Thus, the effective 
time in service, instead of averaging 
98.9 per cent for filters operated at 2 
gpm, as indicated in Table 1, would 
be close to 98.4 per cent. 


Length of Filter Run 


Table 2 shows the annual average 
filter runs for the period 1949-54. 





TABLE | 
Time in Service 


4-gpm 4.5-gpm | 5-gpm 
2-gpm Rate | Rate | Rate 
Year | Rate* | (4 Filters) | (4 Filters)| (2 Filters) 


Time in Service—per cent 


98.C 7 
98.0 } 
98.3 

97.8 

98.0 

97.5 


99.0 
99.1 
99.0 
98.8 
98.6 
97.9 


Avg 98.9 





* Four filters recorded for 1950-52; two 


for 1953-54; none for 1949. 


f Water, Ch cago, il. 


The averages for the entire 5-year pe- 
riod do not vary so widely as the 
monthly averages for those years 
Daily averages (as indicated by the 
maximum and minimum columns in 
Table 3) vary still more widely than 
the monthly figures. For the period 
shown (January 1953-October 1955), 
the runs have ranged from 4.7 hr for 
the day of shortest run to 57.2 hr for 
the davs of longest run. Most of this 
disparity may be attributed to the 
daily variation in both number and 
kind of microorganisms present. A 
second factor, in this regard, is that 
one settling basin was out of service 
for much of the period November- 
April of each year, decreasing both 
mixing and settling time by a third 
during those periods. (It was neces- 
sary to remove a single settling basin 
from service each year in order to 
change the raw-water meters from 
the venturi tube type to flowmeters. ) 
It is not recommended, therefore, 
that the reader attempt to evaluate 
too closely any but the average-run 
data in Table 3. 

Analyzing the figures in Table 2 
more closely, it may be assumed 
that the amount of flocculated mate- 
rial going to a filter operating at 4 
gpm is twice that of a filter operating 
at 2 gpm. The amount going to filters 
operated at 4.5 and 5 gpm would 
be proportionately greater. Assum- 
ing that the clogging rate is in pro- 
portion to the amount of flocculated 
matter going to the filters, one may 
estimate that filters operated at 4 gpm 
will have runs approximately half as 
long as those of the 2-gpm filter; 
that is, about 14.4 hr, as the runs on 
the 2-gpm filters averaged 28.7 hr. 
Following this logic, the runs for the 
4.5- and 5.0-gpm filters would be 
12.8 and 11.5 hr, respectively. These 
figures are not far from the runs ac- 
tually recorded over the 6-year pe- 
riod. 

This simple comparison of the ac- 
tual and computed filter runs does 
not take into account all of the facts. 
Filters were washed after 2 days of 
operation, regardless of loss of head. 
There were periods of short duration 
in which the 48-hr limit determined 
the time to wash. If the filters had 
been allowed to continue in service 
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Modern civilization is placing an increasing burden 
on those responsible for supplying greater and greater 
quantities of pure water for home, recreation, and industry. 
The dependability of the mechanical equipment charged with 
the responsibility of unfailing operation is a consideration 
which continues to pay big dividends over the years. 


You can depend on Roberts Filter. 
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at all times until the loss of head 
reached 8 ft, the average length of 
filter run for the 2-gpm filters would 
have been slightly higher, probably 
close to 30 hr instead of 28.7 hr. This 
would bring the computed estimates 
nearer to the actual lengths of the 
runs recorded for the 4- and 4.5-gpm 
filters 

In considering the data for the 
5-gpm filters, it must be taken into 
account that an 8-ft loss of head could 
not ordinarily be obtained ; generally, 
these filters had to be washed under 
conditions of 7-8 ft of head loss. Had 
it been possible to obtain the same 
loss of head as for the other filters, 
the average length of filter run for 
the 5-gpm filters would have been 
more than the recorded 10.2 hr, 
probably between 11 and 12 hr. 

\nother factor must also be con 
sidered: the initial head is 
greater on a high-rate filter than on 
filters operated at 2 gpm. More pre 
cisely, a 5-gpm filter has an initial 
head about twice that of a 
2-gpm filter. At a temperature of 
45°F the filters in the South District 
plant have an initial head loss of ap- 
proximately 0.6 ft at the 2-gpm rate, 
and 1.3 ft at the 5-gpm rate. Run- 
ning the filters to 8-ft loss of head, 
the lower-rate filter would have an 
increase over the initial head loss of 
about 7.4 ft, while the 5-gpm filter 
would have only 6.7 ft of 
These factors are mentioned so that 
allowance may be made for their in- 
fluence in using the data presented. 
The head in the rate con- 
troller and the filter effluent piping 
is not great at the 2-gpm rate, yet it 
considerable at the 4- to 
5-gpm rates. 


loss of 


loss ot 


mcrease. 


loss of 


becomes 


Turbidity and Floc Volume 


Because of the work involved, daily 
turbidity tests were not made on the 
effluents of all of the high-rate filters 

only the 5-gpm filters were sam- 
pled. Annual summaries for the 6- 
year period are given in Table 4. The 
yearly averages are low, as were the 
monthly averages used in computing 
them. During the 6-year period, the 
laboratory recorded two tests which 
could be objectionable. 
One of these showed a turbidity of 
1.3 ppm on the effluent of Filter 77 
in August 1954; the other was a 
reading of 2.0 ppm on the effluent of 
Filter 10 in September 1954. In both 
instances, a note was made on the 
record sheet that the turbidity was 
composed of colloidal rather than 
flocculated material. An insufficient 
application of the coagulating chemi 
cal could have been the cause. No fur 
ther investigation of the tests was 


considered 





TABLE 2 
Length of Filter Run 


4-gpm 4.5-gpm 5-gpm 
Rate Rate Rate 


Length of Run—hr 


2-gpm 
Rate 


? 





made and there was later no means 
of checking back to determine the 
Colloidal turbidity not 
occur on one filter alone. 
The outlet water from the plant, 
tested every 4-6 hr, showed zero tur 
bidity each day of the month for the 
2 months in which the two high read 
ings were recorded. 

Floc, or coagulated material, is 
often measured by turbidity tests. A 
more accurate test, however, is to 
measure the volume of the floc itself 
Where there is considerable floc, this 
may be done with a centrifuge. When 
the amount is low, the test is made 
by comparison with standards of 
known floc volume. Procedures for 
preparing floc standards and making 
have 1 detail 


cause. does 


ordinarily 


been described in 
by the author), 

The unit “floc volume” 
the volume of flocculated material in 


tests 


is based on 


R-187 


the water: thus, 1 gal of floc in 1 mil 
gal of water is 1 floc volume. The 
floc volume is a figure generally about 
15 times the turbidity. A water con- 
taining 1.0 ppm of flocculated mate- 
rial will have a floc volume close to 
5. The relationship, however, is in 
fluenced by the turbidity of water 
before coagulation, and the figure 
given applies only to low-turbidity 
raw water (less than 50 ppm). 

Table 5 compares the annual aver 
ages of the floc volume in the efflu- 
ents of the 5-gpm filters. The table 
also gives the maximum day for each 
year of the 6-year period, as deter 
mined by a single daily test. 

The maximum floc turbidity for a 
single test was 5.0, which would rep- 
resent a turbidity of about 0.4 ppm 
The average floc volume over the 
6-year period is less than 0.1. This is 
quite low and indicates a high quality 
of water. Many filtration plants pass 
considerably more than this volume of 
floc in water which is considered to 
be of good quality 


Bacteria Counts 

Table 6 gives the yearly average of 
coliform bacteria found in water from 
the high-rate filters. During April 
1952, there were a few samples of 
water that had high coliform counts ; 
these, however, were not confined to 
the high-rate filters. Investigation 
disclosed the cause to be in the sam- 
ple bottles. Because these data tend 
to be misleading, two averages for 
1952 are given: one including the 





TABLE 3 


Filter Runs for Years 1953-55 
Average of All Filters 


1953 


Avg 


* January-September 
+ High for the year 
t Low for the year 


1954 
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TABLE 4 


Yearly Average Turbidity for 5-gpm 
Filters 


Filter 10 Filter 77* 
Turbidity—ppm 
Avg |Max. Test! Avg | Max. Test 


f 


wn are comy 


ind 8&0 


oliform counts indicated, and 
without 
water was prechlorinated 
ghout the period of the test. For 
52, the prechlorination dosage 
nough to produce substantial re- 
| passing through the filters, and 
results were expected. Begin 
n May 1953, the prechlorination 
» was lowered, so that the water 
g the filters had only slight re 
ual chlorine. Postchlorination, how 
was increased, so that the water 
ng the plant would have the 
residual (0.6 ppm). The fil 
ters, of course, were sampled in ad- 
postchlorination. 
Che general averages of the filters 
major discrepancy between 
the counts for the high-rate filters as 
with those of the filters on 
variable rates of 2.3-4.7 gpm, or those 
operated at a 2-gpm rate. The general 
iverage of the coliform bacteria (after 
reduction of the prechlorination dos- 
been low, and shows the 
from all filters to be of high 
quality with respect to bacterial con 
tent. Nevertheless, enough additional 
chlorine was added to produce a com- 


eve,r 
on leay 
desired 


vance ol 
} 


ow no 


ompared 


age) has 


water 





TABLE 5 


Floc Volume for 5-gpm Filters 


Filter 10 Filter 77 


Avg | Max. Day 


~~ c 
Z 


Avg Max. Day 
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bined chlorine residual of 0.6 ppm in 
the water leaving the plant. There is 
no reason to fear that the water from 
the high-rate filters is less safe than 
that from the 2-gpm filters. If the 
entire Chicago water supply were fil 
tered at 4-5 gpm, it would be just as 
? 


safe as water filtered at 2 gpm. 


Cotton Plug Filters 


The most sensitive test yet devised 
for determining the amount of coagu- 
lated material passing through filter 
beds is the cotton plug filter. A de- 
scription of this filter was published 
by the author in 1949"), The cotton 
is placed inside a glass tube measur- 
ing 1 in. in ID and 2 in. in length. 
The cotton must be packed tightly 
enough to prevent the development 
of free-flowing channels, yet not so 
tightly as to interfere with the flow 

f water. One soon learns from ex 
erience the most satisfactory amount 
of cotton to use and how best to pack 
it into the tube. Absorbent cotton is 
difficult to dry to constant weight. The 
best procedure, therefore, is to burn 
the cotton with the material retained 
by it and determine the results on the 
basis of the comparative weight of 
ash. Unless the ash content is low, 
the weight of the cotton ash will not 
substantially affect the results. At 
Chicago, the cotton plugs are usually 
changed each week. Knowing the rate 
of flow through the filter (usually 
close to 100 ml per minute), and the 
time in service, the content of coagu- 
lated material (expressed as parts per 
million of ash) may be calculated. Re- 
sults of the cotton plug filter tests are 
given in Table 7. 

The cotton plug filter is the only 
test that reveals any reduction in the 
quality of the water passed through 
the high-rate filters, samples of which 
show more ash than those from the 
2-gpm filters. Though actually quite 
small, this increase must be taken into 
account in considering high-rate fil- 
tration. Use of the cotton plug filter 
will provide adequate warning if the 
coagulated material passing the filter 
is approaching the danger limit. 

Little is known about the amount 
of coagulated material that passes 
through filter beds. That some coagu- 
lated material passes every filter bed 
handling coagulated water does not 
seem to be widely understood by fil- 
tration plant operators; or, if under- 
stood, it is considered to be of no 
significance. The author believes it 
better to record the amount of floccu- 
lated material passing through the 
filters, even though it is very small 

Good use of cotton plug filters was 
made in the Chicago Experimental 





TABLE 6 


Coliform Bacteria Counts 


Automatic 

Rate 4-gpm |4.5-gpm | 5-gpm 
(2.3—4.7 Rate | Rate Rate 
gpm) 


| 
Bacteria Count—number/100 ml 
0.035 0.057 0.050 0.073 
0.011 0.007 0.012 0.001 
0.057 0.122 0.038 0.218 
0.017* 009* | 0.011* | 0.001* 
0.00! 0.016 
0.007 0.011 


0.016" | 0.022* 





* Averages not including high count 
(caused by contaminated sample bottles) of 
April 1952 

+ Count for 2 
0.012 


gpm filter for 1954 was 


Filteration Plant to compare filter 
efficiency. It has been 15 years since 
the first article describing the filter 
was published‘), yet so far little use 
has been made of this extremely sen- 
sitive device. This indicates a general 
lack of interest in the efficiency of fil- 
ters in removing coagulated material 
from water so long as the filtered 
water is not noticeably turbid. 
Cotton plug filters should be used 
on all of the filters in every filtration 
plant. They are the best means of 
keeping account of the efficiency of 
the filters. A word of caution, how- 
ever : the results obtained in one plant 
may not be similar to those of another 
plant.The filters in a given plant are 
tested on the basis of relative efficien- 
cy. If the performance of one filter is 
noticeably different from that of the 
others, then there must be a cause. 
Filtration plants have been observed 
in which considerable flocculated ma- 
terial was passing through the filters. 
The cotton plug filter would reveal 


TABLE 7 
Cotton Plug Filters 


Avg. of | 
All 2-gpm | 4-gpm | 4.5-gpm/5-gpm 
Filters | Rate | Rate Rate | Rate 


Ash—ppm 


Year 


0.059 |] 0.066 
0.045 | 0.04C 
9.067 | 0.064 | 0.084 
| 0.058 0.084 | 0.084 
0.067 | 0.089 0.087 
0.073 | 0.090 | 0.082 


0.055 
0.048 


0.047 
0.037 
0.042 
0.077 
0.060 
0.058 


0.045* 
0.028 
| 0.039 
| 0.039 
0.057 
0.05é 


1949 
1950 | 
195! | 
1952 
1953 
1954 
0.059 0.077 


Ava 0.054 | 0.044 0.072 





* 3-gpm rate 





THE ANTHRACITE EQUIPMENT CORP. 


Anthracite Institute Building 
WILKES-BARRE, PENNA. 


ANTHRAFILT — an Improved Filter Medium 


Trade Mark Reg. U. 8. Pat. Of. 


Address sales and technical inquiries to 
Palmer Filter Equipment Company, 822 E. 8th St., Erie, Penna. 


Anthrafilt and Its Application 


Anthrafilt is made from a selected Pennsylvania anthracite 
which has been cleaned so as to have a minimum ash. This 
cleaned anthracite is then screened and classified hydrauli- 
cally to yield sizes suitable for filter purposes. 


Anthrafilt is used as a mechanical aggregate in place of 
sand and gravel in all kinds of filters, i.e. 


Slow filters 
Pressure filters 

Oil removal filters 
Alkali filters 

Acid filters 

Sewage sludge-beds 
Household filters 


Rapid gravity filters 
Swimming pool filters 

Hot process softening filters 
Cold process softening filters 
Mechanical sewage filters 
Revolving screen filters 
Portable filters 


The entire filter bed may be made up of Anthrafilt of 
various sizes or only the top layer may be of Anthrafilt over 
the usual bed of gravel. 


Advantages of Anthrafilt 


High Filtration Rate: Rates up to 200 mgad are obtainable 
with Anthrafilt without sacrifice of effluent quality. The ac- 
cepted average rate with sand is 125 mgad. 


Long Filter Runs: The larger, irregular Anthrafilt grains 
allow less clogging with algae or other fibrous substances 
The angular grain surfaces provide greater entrapping areas 
for the removal of turbidity and bacteria. The differences 
in shape and specific gravity of the grains, by decreasing 
classification after back washing, allow the whole depth of 
the filter bed to be active in the filter operation. 


Low Wash Water Costs: The long filter runs and conse- 
quent less frequent washing and the low degree of packing 
after back washing combine to cut the usual wash water 
requirements at least in half. 


No Cementing with Lime, Manganese or Iron: Lime will 
coat on Anthrafilt but this coating readily flakes off without 
any cementing action if filters are properly operated. Man- 
ganese and iron salts precipitated on Anthrafilt by the lime 
treatment are easily removed by back washing. 


High Degree of Expansion: 50% expansion is obtained with 
half the back wash velocity required for sand. 


Coarse Sizes Can Be Used: The irregular shape and natural 
filtration characteristics permit the use of much larger sizes 
with equal results. 


Gravel Beds Stay Flat: No ridging or mounding and less 
cracking and pulling away from side walls during operation. 


Low First Cost: Lighter weight per unit volume balances 
the cost differential between Anthrafilt 
on freight and handling charges. 


and sand and saves 


Filtration Characteristics 


Anthrafilt granules are irregular shaped and of varying 
densities. Weights run about 53 pounds per cubic foot as 
against 100 pounds for sand. The irregular shapes provide 


greater porosity resulting in more rapid filtration with no 
loss in character of effluent and with considerably less loss 
of head. 


The variable densities of Anthrafilt particles cause less classi- 
fication after back washing and the lighter, irregular shapes 
allow easier expansion and more effective cleaning. 


The greater bulk of Anthrafilt requires less tonnage per 
filter bed. Attrition losses amount to less than 0.25% per year. 


Anthrafilt successfully removes lime, iron and manganese 
salts and will not form a permanent coating under proper 
conditions of treatment and filter operation. Lime flakes off 
easily without cementing and the iron and manganese salts 
are readily removed by back washing. Oil is easily removed 
from boiler water after coagulation with ferric sulphate, 
ferrous sulphate or alum. Anthrafilt can also be used for the 
filtration of acetic and sulphuric acids and caustic soda solu- 
tions. Being insoluble in alkaline waters, Anthrafilt produces 
silica-free water in hot process water softening. 











4 


Upward impulses of water produces greater ag of e 
grains, hence Anthrafilt beds are cleaned more effectively. 





Anthrafilt No. 1 is usually made in sizes ranging from effec- 
tive size of .60 m.m. to .80 m.m, The uniformity coefficient is 
less than 1.75 in all sizes. We can make smaller sizes or 
larger sizes, but for special cases only. The remaining sizes 
of Anthrafilt are as follows: 


No. 2. Anthrafilt—3/32”"x3/ 16” 
No. 3. Anthrafilt—3/16"x5/16” 
No. 4. Anthrafilt—5/16”x9/16" 
No. 5. Anthrafilt—9/16"x13/16” 
No. 6. Anthrafilt—13/16"x1-5/8” 
No. 7. Anthrafilt—1-5/8"x2-7/16” 


The above sizes have 20% tolerance. 


ANTHRAFILT ECONOMY 


When Used in Existing Filtration Plants 


Increased capacity with same plant 
Decreased volume of wash water 
Lower maintenance cost through 
mounding and air binding. 


elimination of ridging, 


When Used in Existing Filtration Plants 
Lower plant investment 

Lower cost per cubic yard 

Lower wash water costs 

Lower maintenance costs 
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General Filter? 











There are many reasons why municipalities 
and industries have installed General Filter 
water treating plants: 







specification |. . supervises the installation and trains the 
~ personnel whoi will work with the equipment. 


L DEPENDABILITY . . . for twenty years 
has concentrated all of its efforts toward 
r treatment”. Their efforts have produced 












~~ 


ENGINEERING KNOW-HOW .. . Gen- 












GREATER ECONOMY... the only real test of economy is 






eral Filter’s design and construction engi- a long term test. General Filter plants stand up over the 
neers are familiar with the problems in- years providing “better water’ with minimum maintenance, 
volved in water treatment. longer trouble-free, smoother operation. 












Find out why you should specify G F; C 
General Filter . .. Write today for eneral ilter ompa ny 
detailed information regarding your AMES, IOWA 
water treatment problems. 





... better water”’ 
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this fact and would probably lead to 
remedial action. During periods of 
weak coagulation, a‘small amount of 
acid-treated sodium silicate is used 
to strengthen the coagulation at the 
South District plant. The use of sili 
cate is not governed by the filtration 
rate, for only a few of the 80 filters 
operate at high rates. Rather, the 
need for silicate is determined by the 
character of the raw water. During 
periods of weak coagulation the co 
agulated material will readily 
through filter beds operated at 2 gpm, 
or even at lower rates of filtration. 


pass 


Filter Performance 

The measure of filter performance 
is the amount of water (in millions of 
gallons) passed through each filter 
per 1-ft increase in loss of head. The 
performance of the high-rate filters 
is compared with that of the 2-gpm 
filters in Table 8. Filters operated at 
a constant rate of 2 gpm had an aver- 
age performance of 0.71 mil gal for 
the 6-year period, whereas filters op 
erated at a rate of 4 gpm had an aver- 
age performance of 1.02 mil gal, 
representing an increase in perform- 
ance of 44 per cent over the 2-gpm 
This performance has continued 
to increase throughout 
the 6-year period of the tests. 

In the July 1950 article to which 
reference has previously been made) 


rate 


each month 


the seventh of a series of 20 questions 
trequently asked the author was: 
“Why is the filter performance great- 
er for the high-rate filters than for the 
low-rate filters?” The 
at that time 


answer given 


was: 


[his questi cannot hy 7 
definitely at 
expect the Iter 1 


same regardless of 


iswered 
In general, one would 
rformance to be t 
rate or perhaps slightly 
however 
filter 


iguiatec 


less tor the high rate. It may be 
hat the 


causes deeper 


rapid flow of water into the 
penetratio ] | 


' 
aterial 


seems as 


This 


swer as 


still 


mav be 


precis¢ an an 
( ne 


mentioned is 


given possibl 
lactor not 

that loss of | 
accelerated rate: for example, if the 
increase in loss of head in the f 
part of the filter run is 0.5 ft per hour, 


previously 
ead often increases at an 


first 


it may be as much as 0.6 ft or more 
per hour when the head loss is near 
short filter runs (4-8 hr) 


increases 


S ft. For 


the rate of clogging also 
more rapidly toward the end of the 
run. Starting with a higher initial loss 
of head on the high-rate filters. the 
total increase in head loss up to & 
ft is not as great as that produced by 
This very minor 
however, would hardly 
the considerable increase 


rate of 


a low filtration rate 
difference, 
account for 
in filter performance as the 


TABLE 8 


Filter Performance 


4.5-gpm 5-gpm 
Rate Rate 


Year 2-gpm |(4-gpm 


Rate Rate 


Volume per |-ft Loss of Head—mil. gal. 


0.é 0.93 0.90 0.94 
1.12 | 27 
1.35 56 
1.07 | 
0.88 . 0.85 


0.78 0.85 


1.02 1.07 1.10 


filtration is increased. The assump- 
tion that the coagulated material 1s 
carried deeper into the filter bed still 
seems the more likely explanation. 

During the first 4 years of filter 
operation there was a gradual decline 
in the number of filter washes, trom 
28.831 in 1948 to 23,202 in 1951. 
Since 1951, the number of washes has 
increased rapidly, with 44,382 filter 
washes recorded in 1954. Part of the 
increase in 1953, 1954, and 1955 can 
be attributed to the previously men- 
tioned replacement of the raw-water 
meters. The chief cause has been vari- 
ation in the number and kinds of 
microscopic organisms. In June 1954, 
there were 5,642 filter washes, while 
in August of the same year there were 
only 2,059. The average daily pump- 
age at the plant was 389 mil gal in 
June, compared with 361 mil gal in 
\ugust. This difference in the vol- 
ume of water filtered would account 
for only a few of the additional 
washes in June. The greater part of 
the difference was clearly caused by 
the variation in the number of micro 
organisms in the raw water—from 
in average of 1,130 in June to 283 in 
\ugust 

\ tabulation of hourly 
rates for the 68 filters set on 
matic rates has been made for eight 
peak days in June and July of 1954. 
These rates, which vary from a low of 
1.2 gpm to a high of 3.5 gpm, aver- 
aged about 2.7 gpm per square foot 
for the davs Total plant 
production for those days ranged from 
low of 439.4 mil gal to a high of 
8.4 mil gal, and averaged about 
4 mil gal. Comparable data for 
5 show hourly peaks not exceeding 
those of 1954. Trail tests were made 
in 1955 in which the pumpage and 
filtration rates were raised to 640 
mgd. Thus, the 68 automatic filters 
were operating at rates slightly in ex- 
cess of 4 gpm per square foot. The ob- 
jective of this test was to determine 
whether the plant could be operated 


filtration 
auto- 


rect wrded 


} 
45 
19 


l 
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at such a high rate. Present peak rates 
are only about 80 mgd below the 
tested maximum of 640 mgd 


Conclusions and 
Recommendations 

lf a filtration plant is designed on 
the basis of a rate of 3 gpm per square 
toot, some saving in construction cost 
will be made over a design based on 
a 2-gpm rate. The filter area will be 
two-thirds of that required when the 
customary rating of 2 gpm is used 
The cost, however, will be somewhat 
more than 67 per cent, for the influent 
and effluent piping and conduit re 
quirements will be the same as those 
of a 2-gpm rate. Other equipment 
used in conjunction with a filter (such 
as operating tables) also will be the 
same. The cost of the filters alone may 
be lessened as much as 25-30 per cent 
as a result of using the 3-gpm rate. 

The saving in operation cost will be 
very little if any; however, the cost 
certainly should not be greater. The 
fact that there is greater filter per- 
formance indicates slightly fewer filter 
washes, but this does not necessarily 
imply a saving in operational cost: 
certain equipment such as backwash 
valves, is adversely affected by too 
little use. 

On Jan. 18, 1952, the entire South 
District plant was placed on a high- 
rate test by reducing the number of 
filters in operation. Operation of the 
plant was continued in this mannet 
until Feb. 1, 1953. Of the 80 filters, 
30 were cut off, alternating from one 
filter to another, so that no single 
filter would be out of service for more 
than a week at a time. During the 
summer months, when the load was 
high, it was necessary to turn on a 
few of the idle filters for short periods 
during the peak demand. When the 
demand rate for the operating filters 
increased to 4 gpm, the filters were 
watched closely so that a few of the 
idle filters could be cut back into serv 
ice to maintain the load at no more 
than 4 gpm. As soon as the peak load 
was over in the evening, the number 
of filters in service was reduced to 50 
The high-rate filters used in the previ- 
ous tests were kept in service at the 
same fixed rates—that is, 4, 4.5, and 
5 gpm. 

The author wishes to make quite 
clear that he does not advocate indis 
criminate use of the 3-gpm rate. Ex 
perience with such a rate, however, 
in plants throughout the country, indi 
cates it may be used in many circum 
stances. The water should be well 
conditioned, and increased rates of fil- 
tration should not be accompanied by 


W.&S.W.—REFERENCE & DATA—1957 





R-192 


a reduction in mixing and settling 
erally, this means that plants 
ened on the basis of 2 gpm should 
be converted to the 3-gpm rate 
s operation demonstrates that 
periods of mixing and settling 
good conditioned water for 

er rate. This statement applies 

to the gradual accommodation 
ints now in operation to meet 
d water use. In the design of 
plants i 

for overloads of 25 
on based on the 


g 
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times, (ret 


provision is 
50 per cent. 
J-gpm rate 


ve capable of handling such an 


filtration 
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| 
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the importance of making lib- 
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illowances in designs for 
the filters. If the designer 

ses to call the rating 2 gpm, and 
ns on that basis, then he should 
in overload of at least 100 
The mixing and settling 
should be designed with 
le excess capacity As the 
{ plant increases, the opera 


tell when an extension is 
It mav be when the peak con 
filtration rat 

lhe opinion, 
that filtration 
maintained at or 


produces a 


3.5, or 4 gpm 


d by 
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many, 
neat 
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to experience, and a deter 


, 
without 


exception is in 


wrTress 


r such as that of the Great 


filtered at rates of 5 
foot of filter surface 


a\ be 


square 


without depreciation of quality, especi- 
ally with reference to bacterial con- 
tent. 


2. Filters operated at a rate of 4 

gpm may be maintained in service 
97.9 per cent of the time, provided 
the filters are washed and returned 
to service with reasonable speed. 
3. The length of filter run is almost 
inversely proportional to the filtration 
rate : that is, filters operated at 4 gpm 
will permit runs approximately one- 
half the length of those possible at a 
2-gpm rate. 


4. The turbidity of water filtered 
at rates of 4-5 gpm is not measur- 
ably greater than that of water fil- 
tered at a 2-gpm rate. 


5. The floc turbidity, measured as 
floc volume, it not greater for the 
high-rate filters than for the low- 
rate filters, except at infrequent in- 
tervals of short duration. The evi- 
dence of decreased efficiency at such 


times is not strong 


6. The bacteria-removal efficiency 
of filters operated at 5 gpm is equal 
to that of filters operated at 2 gpm. 
Good reduction of coliform bacteria 
was observed for the high-rate filters 
even when there was very little re- 
sidual chlorine in the filtered water 
and before postchlorination. 


7. The amount of coagulated mate 


rial passing through a filter bed is 


best measured by the cotton plug 
filter. Although a slight increase of 
coagulated material does pass through 
the high-rate filters, the amount is 
so small as to be of minor signifi- 
cance. The cotton plug filter is the 
only device revealing this difference, 
and should be installed on all filters in 
every filtration plant. 


8. The filter performance (vol- 
ume of water filtered per 1-ft in 
crease in loss of head) is greater for 
the high-rate filters than for the 2- 
gpm filters. 


9. The 80 filters of the South Dis- 
trict Filteration Plant had 44,382 
filter washes during 1954, Peak de- 
mand for water is now within 80 
mgd of the 640-mgd maximum capac- 
ity of the plant, which was run on 
a high-rate test for a period of 1 
year. 

10. High-rate filters should be in- 
troduced only when there is evidence 
that such rates will not decrease plant 
etliciency. 
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Diatomaceous Earth Filtration 


Field Sales Engin 


N VIEW OF PRESENT devel- 

opments and future expectations, 
use of the term “diatomaceous earth 
filtration” is somewhat restrictive. It 
is more realistic to speak of “‘filter-aid 
filtration” and “filter-aid filters.” Al- 
though diatomaceous earth is by far 
the most common filter-aid material 
in use today, there are several other 
materials used in this type of filtra- 
tion. These include: Wollastonite, ex- 
panded perlite, granular cellulose ma- 
terials, asbestos fibre, activated car- 
bon and other finely divided sub- 
stances. 

Essentially, a filter-aid filter 
sists of a layer of finely divided 
ticles deposited upon a porous 
porting membrane, which serves as 
an underdrain. The size of the par- 
ticle is such that the pores, or open- 
ings between them, are ultra-micro- 
scopic. When water is passed through 
the layer, suspended matter is caught 
on the surface and thus removed 
from the water or other liquid. 

Filter-aid filtration developed from 
the, use of unglazed porcelain and 
other similar materials filtering 
media for a very high degree of tur- 
bidity removal. The unglazed porce- 
lain filter is very efficient in the re- 
moval of microscopic particles, in- 
cluding bacteria, but filter runs are 
short, rates are extremely low and 
cleaning the filter is difficult. The use 
of an easily removable mat of finely 
divided particles as a filter medium 
was an advance in the art which took 
this type of filter out of the laboratory 
and put it into common use. 


con- 
par- 
sup- 


as 


History 

Filter-aid filters were used for 
many years prior to 1940 for the fil- 
tration of beer, wines, oils and chem- 
icals. It was not until World War II, 
however, that the filter-aid filter for 
the continuous purification of drink- 
ing water became a practical reality. 
The next step was the application of 
these filters to domestic use. 

At the beginning of the war, Amer- 
ican troops and the land forces of the 
Navy were supplied with small, port- 
able, sand-filter plants, which pro- 


*Reprinted from Jour. NEWWA, Vol. 69 
No. 3, p. 287 (1955) 


e 


er 


by HENRY N. ARMBRUST 


Proportioneers nc., Div. of B-I-F Industries 


vided flocculation, coagulation and 
sterilization. Under field conditions, 
this type of purification plant was not 
efficient in removing amoebic dysen- 
tery cysts and blood flukes. Mean- 
while, the British were using a dia- 
tomaceous earth filter in their port- 
able water-purification plants and this 
type of filter was found to be capable 
of turning out acceptable water. 

At the suggestion of the National 
Research Council, the U. S. Army 
undertook the development of a port- 
able, diatomaceous earth, water-puri- 
fication unit at Fort Belvoir, Va. Sub- 
sequently, the U. S. Navy contracted 
with Proportioneers, Inc. for the de- 
velopment of a portable, diatomace- 
ous earth, filter plant for use by the 
Navy Civil Engineers Corps. These 
developments proceeded independent- 
ly of each other. At the end of the 
War the U. S. Navy had some 1,500 
units, many of them in use at ad- 
vanced bases in Okinawa and other 
locations, and the U. S. Army also 
had a number of units. 


Design Features 


Both of these military units used 
cylindrical, or tubular, filter elements ; 
both used a precoat or initial filter 
mat, plus a continuous feed of dia- 
tomaceous earth, termed “body feed,” 
into the incoming water. (Body feed 
is used to prolong filter runs by main- 
taining an open porous cake.) Here 
the similarity ceased. 

The Army unit was operated at a 
constant input pressure. Thus, with a 
clean, new precoat the filtering rate 
might run up to 10 gal per minute, 
but the pressure loss increased, 
the rate fell off until it reached a 
point below that required. The filter- 
aid was fed by a constant dilution 
device. Army Engineers believed that 
the decrease in filtering rate caused 
by the clogging of the filter cake (and 
consequent increase in pressure loss) 
followed the dilution curve; thus it 
was believed that the rate of body 
feed would be in proportion to the 
rate of flow of water through the fil- 
ter. 

Backwashing was accomplished by 
setting a four-way valve so that the 
inlet to the filter (connected with 
the pressure side of the supply pump 


as 


Inc 


during the filtration part of the cycle) 
was connected to the suction side of 
the pump and the filter was back- 
washed by suction. The Army filter 
elements were patterned after the 
sritish Stellar element, consisting of 
Monel metal or stainless steel, round 
wire, wound on a perforated plastic 
core, 

The Navy unit consisted of a ma- 
chinery section which was a frame, 
holding: (1) water pump; (2) 
duplex-positive-displacement-pump- 
type feeder for hypochlorite and filter- 
aid slurry; (3) pump engine with 
belt drive to pump; (4) hypochlorite 
reservior, and (5) baffled tank with 
an agitator, driven through a flexible 
cable from a shaft of the feeder. The 
filter, separate from the machinery 
section, contained porous aluminum- 
oxide tubes as septa and was equipped 
with a rate-of-flow indicator, gradu- 
ated in gallons per minute. 

This purification unit was operated 
at a constant rate and diatomaceous 
earth body feed was fed in a predeter- 
mined direct proportion to the rate 
of flow. Pressure backwashing was 
accomplished by a separate pump, us- 
ing filtered water taken from a stor- 
age tank. The use of this purification 
unit enabled the Navy Civil Engi- 
neer Corps to take water from such 
polluted sources as rice paddies and 
to deliver a safe, potable product to 
their personnel. 

Subsequent to the presentation of 
papers on these units at the Engi- 
neers’ Society of Western Pennsyl- 
vania in the mid-40’s, several manu- 
facturers became interested in diato- 
maceous earth filters. The result was 
that several types of equipment were 
offered as “cure-alls” for many water- 
filtration problems. Lacking proper 
background and experience in the 
field, the efforts of some of these 
manufacturers resulted in failure of 
equipment to perform properly. Some 
of these firms have since discon- 
tinued manufacturing these units, but 
the damage caused by lack of experi- 
ence and misapplication of the equip- 
ment delayed the proper development 
and use of filter-aid filters. 


Principles of Operation 


Now let us consider how the fil- 
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ter-aid filter resembles a sand filter. 
The sand filter, either the rapid sand 
or the slow sand type, consists of an 
underdrain system of collecting pipes 
with superimposed layers of coarse 
coarse gravel, fine gravel, 
coarse sand and, finally, fine sand 
at the top. In the rapid sand filter, 
these layers exist in either an open 
tank (gravity filter) or a closed tank 
(pressure filter). Slow sand filters 
are of the open or gravity type. Di- 
rection of flow in both types 1s down- 
ward through the filtering medium. A 
sand filter is not a completely effective 
filtering unit until a gelatinous filter- 
ing mat has been deposited on and in 
the top layer of sand. In the rapid 
sand filter the mat is chemically pre- 
cipitated floc. The filtering mat in the 
slow sand filter is a “schmutzdecke” 
of gelatinous material, which is re- 
moved from the water as the filter is 
operated to waste. 


stone, 


In the filter-aid filter, the cylindri- 
cal shell is divided into two compart- 
ments by a separator plate, or tube 
sheet, containing a number of holes. 
Che elements or septa are porous cy- 
lindrical tubes, closed at one end, 
open at the other. The open end of 
these tubes is inserted into the holes 
in the separator plate. Clamps, tie 
rods and bottom caps hold the cy- 
lindrical tubes tightly against the 
holes in the separator plate. Flow di- 
rection is opposite to that of a sand 
filter. Water enters the bottom or 
raw-water compartment, 
through the filtering tubes, and up 
nto the filtered-water compartment. 
On these tubes is deposited a filter- 


passes 


“precoat” layer of diato- 
one- 


mat o1 
earth, approximately 
tenth of an inch thick. This precoat 
aid is held on the surface of 


- 


maceous 


le 
r1iter 


ELEMENT SUPPORT 
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TURBIDITY 
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PARTICLES 


PRECOAT 


FILTER CAKE 


FILTER ELEMENT 


the tubes by the flow of water and 
slight pressure differential between 
the two compartments. 

The section of the filtering mat is 
similar to the schmutzdecke of slow 
sand filters. Inasmuch as the particles 
of filter-aid are microscopic, the open- 
ings through the mat are devious and 
are ultra-microscopic ; therefore, for- 
eign matter is effectively entrapped on 
the surface of the filtering mat. As 
flow continues, more and more sus- 
pended and colloidal matter is caught 
on the filtering mat (see Fig. 1). lf 
flow were allowed to continue under 
these conditions, the mat would be- 
come clogged, the rate of flow would 
decrease to a low value and the pres- 
sure loss would increase, thus making 
operation uneconomical. 

To avoid this clogging action, a 
constant addition of filter-aid is made 
in the proper proportion to the rate 
of flow. This is known as “body- 
feed”. Body feed extends the length 
of filter runs up to 1,000% or more, 
by continually building up the cake, 
separating the particles of foreign 
matter and preventing the total clog- 
ging of the openings. The dosage of 
body feed is critical up to an opti- 
mum proportion, in that a slight re- 
duction of the dosage will result in 
a marked decrease in length of filter 
run. Above the optimum body-feed 
rate, however, a relatively large in- 
crease in dosage will produce only a 
slight reduction in length of filtes 
run. 


Backwashing 

In the case of the rapid sand filter, 
backwashing is accomplished by re- 
versing the flow through the filter, 
at a rate approximately three to five 


times the normal filtration rate. In 


Fig. 1—DIAGRAM of filter cake and precoat on element 
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this manner, the sand bed is ex- 
panded, the grains are separated by 
the velocity of the water and agitated 
until they have scrubbed themselves 
free of the filtering mat material, 
which is carried out to waste. Back- 
washing normally requires about an 
hour’s production of water by the fil- 
ter. Slow sand filters are usually 
drained and the top inch or so of 
sand and accumulated schmutzdecke 
is removed with rakes and shovels. 
in each case, before resuming fil- 
tration, a new mat is built up as the 
filter is operated to waste. 

Most filter-aid filters have an air 
chamber in the filtered water section, 
where air is entrapped. At the end 
of a filter run, which is determined by 
a decreased rate of flow or an arbi- 
trary limit of pressure loss, the ef- 
fluent line is closed. Closing this line 
causes the pressure in the filtered- 
water section to build up to the cut- 
off head of the pump (if one is used), 
thus compressing the air. If the flow 
is by gravity the pressure is built up 
to the maximum static influent pres- 
sure. Next, the influent valve is closed 
and a quick-opening backwash drain 
valve is opened. The pressure in the 
raw-water section immediately de- 
creases toward zero and causes an ex- 
plosive expansion of the air trapped 
in the top of the filter. This sudden 
expansion of air drives the water in 
the upper section back through the 
filter elements. This reverse flow, 
momentarily at rates of several. hun- 
dred gallons per minute per square 
foot, literally blasts the accumulated 
filter cake loose. 

An air vent is then opened and the 
filter is drained and rinsed. A new 
precoat is applied and the filter re- 
turned to service. Backwashing in this 
manner requires approximately two 
to three times the volume of water 
contained in the filter shell, a volume 
equivalent to only a few minutes’ fil- 
tered-water production. 


Types of Filters 

There are several types of filter-aid 
filters, practically all of which have 
rigid septa, on which an initial filter- 
ing mat or precoat is formed. Per- 
haps the oldest and most widely used 
in industry are the plate-and-frame 
filter and the leaf filter, which must 
be dismantled and cleaned manually 
after every filter run. The majority 
of filters used in municipal water 
works and swimming pools are pres- 
sure filters of the tublar-element type. 
In the filter-aid filter, a 30-inch-diam- 
eter shell can contain as many as 
fifty-five 21-inch-diameter elements 
more than 4 feet long, making a total 
area of approximately 156 sq ft of 





filter surface. Contrast this with ap- 
proximately 5 sq ft of area of a sand 
bed in a 30-inch shell. 

Besides the pressure filter with 
tubular elements, the plate-and-frame 
filter, and the pressure leaf filter, 
there is a vacuum filter with tubular 
elements, as well as a vacuum-drum 
filter. The former consists of an open 
tank, containing an underdrain sys- 
tem and a multiplicity of tubular ele- 
ments, extending upward. This filter 
is the nearest approach to a conven- 
tional rapid sand filter. A pump takes 
suction from the underdrain manifold 
and consequently the maximum dif- 
ferential head across the elements is 
approximately 25 ft of water. The 
drum-type filter is essentially the 
same as the vacuum sewage filter, ex- 
cept that the drum is precoated with 
approximately two inches of filter-aid. 
\s it revolves, a knife removes the 
filter cake and one or two thousandths 
of an inch of the initial precoat, thus 
continuously exposing a new surface 
to the liquid being filtered. 


Filter Elements 

Several different types of filter ele- 
ments are available. These include 
wire or plastic cloth; round wire, 
wound in grooves on a central perfor- 
ated core, trapezoidal, self-spacing, 
stainless steel ribbon, wound on edge 
on a perforated metal core; porous, 
sintered aluminum oxide (Fig. 2) ; 
heavy trapezoidal wire, wound and 
spot-welded to a perforated metal core 
(Fig. 3); and porous, elastic plastic 
or rubber on a heavy wire-mesh core. 
Each of these elements has its ad- 
vantages and disadvantages. 

The ideal element is one which is 
chemically inert and, therefore, re- 
sistant to corrosion. It must be rigid, 
to prevent cracking of the filter cake 
through movement of the supporting 
septum, as the pressure differential 
varies across the element. It should 
backwash easily and cleanly, with 
even distribution of the backwash 
flow, and it should be capable of be- 
ing chemically cleaned without re- 
moval from the shell. Above all, it 
must take an even precoat, which 
means that it must be homogeneous 
as to permeability, and it must be 
relatively inexpensive. 

The wire and the porous stone ele- 
ments are the most widely used in 
present-day filter-aid filters. While 
the wire-wound element is easier to 
clean mechanically, it is expensive 
and chemical cleaning can cause dis- 
integration. The porous stone element 
is harder to clean mechanically, but 
is readily cleaned chemically. It is, 
however, more fragile. In recent 


years, aluminum ovide is the only 
material which has been used for por- 
ous stone elements. Some published 
articles, in the past, have referred to 
“carborundum elements”, but this is 
a misnomer through association with 
the name of one of the manufacturers 
of aluminum-oxide tubes. Carborun- 
dum is actually silicon carbide, which 
has not been employed as a standard- 
production filter-element material. 


Filtering Rates 


’ 


Filtration rates with filter-ai’ fi 
ters are gradually being stevuardized 
at not more than one gpm ver sq ft 
for industrial or ‘iicerpa: applica- 
tions, and not more than 3 gpm per 
sq ft for swimming-pool applications. 
There is a growing tendency to limit 
permissible swimming-pool a 
rates to an even lower figure. Gefer- 
ally speaking, filtration at rates up 
to 10 gpm per sq ft will produce water 
of satisfactory quality and there are 
some manufacturers who recommend 
their filters for operation at rates well 
above those mentioned. The lower 
rates assure much longer runs and a 
greater degree of freedom from trou- 
ble. 


Operation 

The filter-aid filter is unsurpassed 
for the removal of turbidity, produc- 
ing a water with only 0.1 to 0.2 ppm 
of turbidity, or less, even when filter- 
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ing turbidities as high as 100 ppm. 
It is efficient in the removal of algae. 
It is not recommended for a high de- 
gree of color removal, where the color 
is true color due to tannic and humic 
acids. With the proper filter aid, ef- 
fective removal of bacteria by a filter- 
aid filter is similar to the removal of 
bacteria with slow sand fiite: 

Although the filter-aid filt-r is not 
recommended for truce color removal 
in water supplics, whe used in swim- 
ming pools where the water is re- 
circulated, colour removal is normally 
saiéstactory. 

in swimming-pool filtration, it is 
recommended that chlorine be applied 
after the water has passed through 
the filter, particularly in cases where 
the make-up water contains iron or 
manganese. In these cases, it is desir- 
able to add make-up water over the 
edge of the pool, or through a make- 
up tank leading directly into the pool, 
rather than into the suction of the 
pump. It is desirable, also, to main- 
tain the hardness of the water and 
the pH at a level which will prevent 
corrosion of piping and consequent 
dissolving of iron, which will later 
precipitate in the filter elements. 
Where iron-bearing waters are 
brought directly into a pool and prop- 
er conditions are maintained, the iron 
will precipitate and agglomerate in 
the pool, thus forming particles large 
enough to be caught on the filter 
cake, rather than penetrating it and 
plating out on the elements. Filter 
shells and steel parts should be ade- 
quately coated to prevent corrosion. 








| . 








Fig. 2—POROUS aluminum-oxide-type 
element 


Fig. 3—TRAPEZOIDAL stainless-steel- 
ribbon-type element 
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Fig. 4—INSTALLATION of diatomite filters at Bangor-Monitor Twp., Mich. 


Problems 

[roubles in the field have been 
two types: misapplication 
ind difficulties of a chemical nature. 
Misapplication has resulted from im- 
proper engineering, caused by lack of 
standing of the capabilities of 
iid filters, or by the desire of a 
cturer to employ excessive fil 
rates by reducing filter area to 

lower sales prices 
Troubles of a nature in- 
lude floc carry-over, iron and man- 
ranese, and electrolytic corrosion. If 


chemical 


is carried over to the 


can be blocked 


coagulant floc 


filter, the filter cake 
very quickly 
Iron and solution 
will tend to plate out on the element, 
blocking it and 
Where iron and manganese 


leaning 


manganese in 


requiring chemical 


are present, preventive maintenance 
programs have been instituted, in 
which the filters are periodically 
chemically cleaned by means of muri- 
atic or oxalic acid for iron removal, 
and acid and sodium acid sulfite for 
manganese. 

Metal filter elements and other 
parts are corroded by electrolysis, due 
to the use of dissimilar metals. In 
some cases, slimy impurities present 
in excessive amounts can cause rapid 
blocking and consequent short runs. 
Sometimes, short runs of only a few 
hours are encountered with very low 
turbidities, where the turbidity is of 
a slimy or flocculant nature, whereas 
there have been cases of runs of 18 
hours’ duration while filtering water 
with turbidities of about 100 ppm, 
much of which was algae. Thus the 
turbidity value is not an indication 


of the length of run which might be 
expected, as the reading does not 
take into consideration particle size, 
color, shape or character. 


What of the Future? 

Filter-aid filters are at present used 
in many industrial water-supply in- 
stallations and also in an increasing 
number of municipal installations, 
ranging from water plants with a ca- 
pacity of a few thousand gallons per 
day up to 2 mgd. Representative mu- 
nicipal installations include Cherry 
Valley, N. Y., Willsboro, N. Y. Sher- 
burne, N. Y., Gasport, N. Y., Tupper 
Lake, N. Y., Bangor-Monitor Town- 
ship, Mich. (Fig. 4), Mounds, IIL, 
and others. 

To those who contemplate the pos- 
sibility of using filter-aid filters in 
municipalities, it is recommended that 
thorough studies of the water be 
made by a competent engineer and 
that a pilot plant be operated during 
those periods of the year when the 
turbidity of the water is highest, as 
well as in the algae season. The water 
should be chemically conditioned to 
reduce the possibility of corrosion or 
precipitation of scale. 

The development and employment 
of the filter-aid filter for municipal 
water-supply filtration is the first 
major step forward in the filtration 
picture in many years. Research is 
being carried on with various types 
of filter construction and with various 
types of septa. Work is also being 
done on the problem of establishing 
a measure of filterability. Filter-aid 
manufacturers are busily engaged in 
the testing of new materials. The next 
ten years will bring the development 
of new filter aids and techniques, 
which will enable the filter-aid filter 
to be used in even the largest water 
plants with a very great saving in 
construction and operation costs. 
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Taste and Odor Control 


ips shen and odors in water sup- 
plies are caused by either algae, 
decaying leaves and vegetation or by 
sewage and industrial wastes. Algal 
tastes are most prevalent and annoy- 
ing 

Odors are determined by the 
“Threshold Odor Test” in which the 
odor is evaluated by smelling samples 
of water diluted with various amounts 
of odor-free distalled water. The 


Threshold Odor Number equals the 
volume of odor free dilution water di- 
vided by the volume of odorous water 
in that dilution above which the odor 
cannot be detected. A hot threshold 
number of more than two can usually 
be noticed by consumers. 


Tastes and odors caused by algae 
can be controlled in two ways: (1) 
Preventive treatment by the use of 
copper sulfate added to kill off the 
algae before their concentration be- 
comes great enough to cause severe 
odors and tastes. (2) Corrective treat- 
ment to remove or destroy odors al- 
ready formed. The latter treatment 
includes aeration, chemical oxidation 
with chlorine dioxide, ozone or chlo- 
rine, and adsorption by activated car- 
bon. 


Chemical Treatment 


In chlorine dioxide treatment, 
sodium chlorite solution is treated 
with a chlorine solution to produce 
chlorine dioxide (ClO2), a strong 
oxidizing agent, soluble in water. A 
proportioning chemical feeder is used 
for the sodium chlorite solution and 
a chlorine gas feeder for adding the 
chlorine. A special generating column 
is used to mix the two solutions and 
produce the chlorine dioxide. The 
mixture from the generator is dis- 
charged into the water to be treated. 
It is the practice to add chlorine in 
a ratio of 1 part chlorine to 2 parts 
sodium chlorite in order to assure 
enough chlorine to lower the pH to 
3.5 at which value chlorine dioxide 
is produced. Chlorine dioxide may 
also be generated by adding sulfuric 
acid to sodium hypochlorite and add- 
ing this mixture to a sodium chlorite 
solution. 

Ozone for taste and odor control 
is generated in a special apparatus 
called an ozonator. Air, from which 
all moisture is removed, is passed 
through the tubes of the ozonator and 
subjected to a high voltage brush type 
electrical discharge. Approximately 
one per cent of ozone is produced. 
The ozonized air is discharged into 
the water under treatment, through 
a diffuser system. The ozone oxidizes 


the taste and odor compounds. Some 
difficulties may be experienced with 
this treatment as ozonation sometimes 
fixes certain tastes and odors and 
actually prevents their removal from 
the water. 

The treatment of water with chlo- 
rine for the removal of tastes and 
odors is discussed in Section V. 


Activated Carbon Treatment 


By far the most popular corrective 
treatment is adsorption using acti- 
vated carbon as the adsorbent. Acti- 
vated carbon is a finely divided 
carbon with a highly adsorbent sur- 
face which will attract and hold these 
taste and odor compounds. Pow- 
dered activated carbon is most pop- 
ular although granular carbon is used 
in beds in small installations. 

Extremely small particles give a 
greater degree of surface exposure 
and the porous structure of activated 
carbon adds to this surface. It has 
been calculated that a single cubic inch 
of activated carbon has a total ad- 
sorption surface of 10,000 square 
yards. The fineness of the particles 
makes it possible to disperse the acti- 
vated carbon throughout the water 
and for it to remain suspended for 
some appreciable period of time. 

The adsorptive capacity of acti- 
vated carbon is rated by its ability to 
adsorb pure phenol. The phenol value 
of a carbon is that amount of acti- 
vated carbon in parts per million 
necessary to reduce phenol concentra- 
tions from 0.1 ppm to 0.01 ppm. Car- 
bons with a phenol value greater than 
30 are seldom acceptable for water 
treatment. 

Powdered activated carbon is very 
finely divided and tends to be dusty 
when handled. To prevent dust it is 
fed from specially adapted chemical 
feeders, or it is mixed with water 
and fed as a slurry. 

The most popular point of applica- 
tion is prior to coagulation although 
it may be added after coagulation. 
It is always added prior to filtration. 
When added ahead of coagulation 
higher doses are possible without ad- 
versely affecting filter runs, and at 
that point it will stabilize sludge in 
the settling basins. 

Some operators like to add acti- 
vated carbon just ahead of the filters 
but the dosage must not be high 
enough to decrease filter runs appre- 
ciably, and care must be used to pre- 
vent carbon passing through the 
fiiters. 


The use of other chemicals also in- 
fluences the point of carbon applica- 


tion and the amount of carbon re- 
quired. If pH adjustment is prac- 
ticed, the carbon should be added 15 
to 20 minutes before the addition of 
lime or soda ash. Activated carbon 
should never be added with chlorine at 
the same point as the carbon will ad- 
sorb some of the chlorine and reduce 
its disinfecting power. These chemi- 
cals should be added at least 15 min- 
utes apart in the treatment works. 
Which one should be added first de- 
pends on the local situation and con- 
dition of water being treated, but 
generally the carbon should be added 
first since it will remove odors which 
may be emphasized by chlorination. 

The amount of carbon to use 
is determined by laboratory tests 
using odor free water and may run 
from 20 to 40 Ib per mil gal. Where 
laboratory facilities are not available, 
carbon dosage determined by the “hit 
or miss” method, may be either over 
or under that actually required. The 
best method of determining the 
amount of carbon to add is to utilize 
the Threshold Odor Test. Samples of 
raw water are treated with increasing 
amounts of activated carbon in a 
technique similar to the coagulation 
jar test. Each sample is also treated 
with other chemicals which are used 
in the plant, in the same order and 
same time sequence as used in the 
plant. The threshold odor number is 
determined on each sample after 
treatment. The amount of carbon used 
to produce the desired threshold odor 
number in the samples, is used as a 
guide to the proper dosage of acti- 
vated carbon in the plant. 

Since activated carbon accomplishes 
better results in plant practice than 
on small scale laboratory tests, it is 
necessary to develop a relation be- 
tween laboratory results and plant 
scale dosage. Sometimes as little as 
one half or one third of the laboratory 
indicated dosage is actually needed in 
plant operation. 

Activated carbon has also been used 
effectively to control algae growths in 
small reservoirs and sedimentation 
tanks. Using the blackout technique 
activated carbon is added in sufficient 
quantity to prevent the penetration 
of sunlight into the water. Without 
sunlight, algae growth is minimized. 
This treatment is used only on sunny 
days. ; 

Studies at St. Louis County Water 
Co. indicate that approximately one 
fourth pound of activated carbon will 
blackout 1000 sq. ft. Carbon added in 
this manner reduces the amount re- 
quired for taste and odor removing 
the treatment plant. 


W.&S.W.—REFERENCE & DATA—1957 





Algae Control With Copper Sulfate 


Ch 


LGAE GROWTHS are one of 

the principal causes of taste and 
odor in a water supply. Thus the con- 
trol of algae growth is important if 
the customers of a water company are 
to receive a product of the highest 
quality. 

Other than the objectional features 
of taste and odor is also the possibil- 
ity of the effect upon humans of toxic 
products given off by the disintegra- 
tion of algae, especially the blue 
greens. Fitch et al’ show that cattle 
and sheep have been killed in num- 
bers within a few hours after drink- 
ing water heavily loaded with Ana- 
baena. A study to determine possible 
effects of disintegation of large num- 
bers of algae in connection with gas- 
tro-intestinal outbreaks in late sum- 
mer would be well worthwhile. 


at 


by W. D. MONIE 


Enginee 


Algae control to be successful must 
be a preventive measure and not a 
cure. The removal of algae by treat- 
ment at the proper time from the 
standpoint of economy and before 
the algae cause objectionable taste or 
odor is the true science of algae con- 
trol. 

Every problem, regardless of its 
complexities, is solved by a common 
sense application of fundamentals. 
The problem of algae control is no 
exception, and it is with the common 
sense application of fundamentals 
pertaining to this problem that this 
paper is concerned. 


A, B, C, of Algae Control 
The three factors most important 


r, The Portland Water District, Portland, Me. 


in algae control with copper sulphate 
are: 

A. The ability to determine when 
it is necessary to treat a supply. 

B. The ability to determine the 
correct amount of copper sulphate to 
apply when treating. 

C. The ability to apply the treat- 
ment so that uniform distribution of 
the copper sulphate is obtained. 


Microscopic Examination 


The first step in analysis is the 
identification of and count of the al- 
gae present in a water supply. This 
step is accomplished through micro- 
scopic examination. 

For the operator who has not had 
training in microscopic indentifica- 
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Fig. 1—GRAPH of year's study of algae growths in reservoir 
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tion of algae there are many aids. Il- 
lustrations of the more common trou- 
blesome algae can be found in the 
10th Edition of Standard Methods 
for the Examination of Water, Sew- 
age, and Industrial Waste? ; Whipple 
et al®; and Algae of Importance in 
Water Supplies*. 

The most common method of mi- 
croscopic laboratory analysis is ac- 
complished by the Sedgwick-Rafter 
method. Laboratory equipment neces- 
sary for microscopic examination : 

1—microscope 

1—Sedgwick-Rafter cell 

1—Sedgwick-Rafter cell funnel 

1—pound Berkshire sand 
12—filter discs 

1—500 ml graduated cylinder 

1—10 ml transfer pipette 

1—1 ml 1/10 Mohrs pipette 

In preparing samples for examina- 
tion by this method, reservoir water 
is filtered through Berkshire sand, 
and the sand washed with distilled 
water. A 1-ml portion of this concen- 
trate is then placed in a rectangular 
Sedgwick-Rafter cell and examined 
under a microscope having a magni- 
fication of 100X. If an ocular mi- 
crometer is furnished, 10 standard 
units are counted and the total num- 
ber of organisms in the 10 units com- 
prise the algae count. Without an 
ocular micrometer, 10 separate fields 
are counted and totaled. The algae 
count without the micrometer is 
about 15 per cent higher than a count 
in standard units. 

For comparison purposes the 
amount of reservoir sample (usually 
500 ml), and the amount of distilled 
water, (usually 10 ml) used for the 
concentrate should always be the 
same for each analysis. If it is desired 
to convert results to standard units 
or total count, proceed as outlined, 
starting on page 455 of “Standard 
Methods’”. 

Details of the method of concen- 
trating samples by the Sedgwick- 
Rafter Method are given on page 
442 of “Standard Methods”. 

In making microscopic examina- 
tion always remember that samples 
must be collected from the reservoir. 
If samples are collected from a main 
or after passage through a pump, del- 
icate organisms are broken up and 
some become unrecognizable. It must 
be emphasized that samples for micro- 
scopic examination drawn from the 
mains are of little value. For bacteri- 
ological examinations such samples 
are satisfactory, but for organisms 
larger than bacteria, such samples 
give a wholly inadequate picture of 
what is going on in the reservoir. 

It is advantageous to obtain sam- 
ples periodically from different sec- 
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Fig. 2—RECORD of algae growths, types and counts 


Reservoir temperature shown in top graph 


tions of the reservoir. Depth of water, 
exposure to sunlight, and other fac- 
tors will cause surprising differences 
in type and number of algae present 
in the various sections of the reser- 
voir. An objectional algae may start 
growth in a shallow area and be the 
seeding point for the entire supply 
when conditions for growth become 
favorable. 


Importance of Temperature 


An important supplement to micro- 
scopic examination is a thermometer. 
The growth of different types of or- 
ganisms can be anticipated by the 
temperature of the water, especially 
surtace temperature. 

In the discussion of a paper on 
algae control in 1941, Dr. Thurlow P. 
Nelson® stated that Dr. Setchell, Bot- 
anist of the University of California, 
pointed out that there are definite 
ranges of temperature within which 
various flowering plants begin to 
grow and higher ranges at which they 
will flower. These critical tempera- 
tures were found to lie close to 41°, 
50°, 59°, 68°, and 77° F. His studies 
showed that as the temperature passed 
the critical point certain species were 
suddenly stimulated to activity. Hy- 
dro-biologists working with algae and 
protozoa are finding similar critical 
temperatures. Owing to the more 
gradual temperature changes which 
occur in water, these ranges are more 
easily recognized and delimited than 
is the case with land plants. 


Yearly Graph Shows 
Temperature Effect 

Figure 1 is a chart showing total 
algae count by weekly average for a 
typical year. The temperature of the 


water throughout the year is shown 
at the top of the figure. Laboratory 
analysis is accomplished by the Sedg- 
wick-Rafter Method. The curve 
marked “Total Algae Count” in this 
figure is the weekly average of the 
daily algae counts. The finer curve 
marked “Asterionella” is the weekly 
average of the count of Asterionella 
only. Likewise the dotted curve is the 
weekly average of the Aphanizome- 
non count only. The circles in the 
total algae curve indicate the points 
of treatment with copper sulphate. 
The circles on the temperature curve 
show the critical temperature points. 

In reviewing Fig. No. 1 we note 
that there is a marked decrease in 
algae as the temperature drops below 
the first critical point of 41°. In fact, 
when the temperature of the water 
dropped to about 35°, to all prac- 
tical purposes there were no algae 
present. Then in March a large in- 
crease in organisms was noted as the 
temperature passed the critical point 
of 41°. Then a drop in algae oc- 
curred as the temperature neared the 
second critical point of 50°, followed 
by a marked increase immediately 
after passing the 50° point around 
April 24th. High counts at this time 
were largely due to Asterionella, 
which could be tolerated, so no treat- 
ment was made. 

Next there was a decrease until the 
water temperature began to approach 
the fourth critical point of 68°, fol- 
lowed by a marked increase in algae 
growth as the temperature neared the 
fifth point of 77° F. This increase 
was due principally to Aphanizome- 
non, which can cause trouble, and 
therefore was promptly squelched on 
June 8 by a copper sulfate treatment 
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of 4 lb per mil gal. 

[he next marked increase of al- 
gae occurred as the temperature again 
approached the critical point of 77° 
at the end of August and the begin- 
ning of September. Again this in- 
crease was met with a copper sul- 
fate treatment of 4.25 lb per mil gal. 
After September small increases in 
algae counts are noted around the 
critical points of 59°, 50°, and 41° 
with a sharp drop as the water cools 
below 41° 


Asterionella 
and Aphanizomenon 

Examining the curve of Asterion- 
ella, it is observed that there is a 
major peak occurring after passing 
the critical point of 41°, a smaller 
peak after passing 50°. There is also 
a slight increase around June 26th, 
but note how the temperature curve 
flattens out at this point, caused evi- 
dently by nights. Asterionella 
passed out of the picture after the 
temperature passed the critical point 
of 68° but note how Asterionella 
again appears in November around 
the second critical temperautre point 
, with a marked increase at 41°, 
and then a drop as the temperature 
decreased to approximately 35°. 

As the curve for Aphanizomenon 
shows, it appeared in June as the 
temperature passed the critical point 
with a marked increase after 
passing 68°. Note how the treatment 
which was made for Alphanizomenon 
knocked it out of the picture until 
August 14th and then note the rapid 
increase as the temperature ap- 
proached the critical point of 77° to 
be squelched again by copper sul- 
phate. Aphanizomenon then petered 
out as the water cooled, disappearing 
near the temperature point of 50°. 

The author does not wish to create 
the impression that some types of 


cor | 


of 50 


of 59 
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algae do not grow in waters with 
temperature below 35° to 34° or at 
these temperatures. Organisms do 
grow in this cold water, and even 
underneath the ice. One in particular, 
Synura, can be obnoxiously troublie- 
some, as its presence even in small 
numbers causes a very disagreeable 
taste and odor in the water. 


Anabaena, Melosira, 
Mallomonas and Ulothrix 

Figure 2 is an algae and tempera- 
ture curve of the same year as Fig. 1. 
On this graph are indicated the start- 
ing and ending points of six algae 
which were prominent in the year’s 
growth. No effort has been made to 
indicate separate peaks for each algae. 
Asterionella and Aphanizomenon 
have been discussed above and no 
further mention will be made of them. 
Some comment on four other algae is 
warranted. 

Anabaena growth occurred after 
the water temperature passed the crit- 
ical point of 68° and how it disap- 
peared after the water again cooled 
below 68°. The second treatment 
with copper sulphate undoubtedly 
stopped it from dragging on. 

Melosira started growing as the 
temperature reached the first critical 
point of 41° and ended growth at a 
temperature just above 59°. 

Mallomonas began growth about 
59° and disappeared as the tempera- 
ture came back down to near 59°, 
immediately after the second reser- 
voir treatment. 

Ulothrix began growth near 70°, 
after the first treatment had removed 
Aphanizomenon, and remained until 
the temperature approached 41°. 

It is well to remember that temper- 
ature changes can be rapid in shallow 
areas of a reservoir or lake. These 
temperature changes may stimulate 
algae into activity and cause the ap- 
pearance of unexpected algae, though 
usually not in large numbers. 

Therefore, with an eye on the wa- 
ter temperature, an operator can an- 
ticipate periods of rapid algae growth 
and the type of algae to expect. Also 
he will be able to tell when it is nec- 
essary to pay particular attention to 
microscopic examination. 


When and How to Treat 


It is the practice of some operators 
to treat a reservoir with copper sul- 
phate in the spring without taking re- 
course to microscopic examination or 
making a study to determine the ac- 
tual need of treatment. This type of 
control is wasteful unless there is ac- 
tual need at that time as the copper 
will not remain in solution to destroy 
algae which may develop at a later 
period. 


It is well to remember that water 
will contain food matter which will 
support the active growth of only a 
certain number of algae. Also, there 
is a constant battle for the survival 
of the fittest. Therefore, to kill off one 
type of algae before necessary may 
pave the way for fast growth of an- 
other and perhaps more objectional 
type of algae. 

No set formula can be given as to 
when it is necessary to treat a water 
supply for algae control. Control re- 
quirements will vary for different 
supplies. An operator must constantly 
study his reservoir as a doctor studies 
his patient. From study and experi- 
ence he must recognize the symptoms 
and prescribe the correct treatment. 
With constant study of the thermom- 
eter, the sky, and his microscope, he 
will be able to apply preventive treat- 
ment and not have a sick patient on 
his hands that will require a drastic 
cure, 

The upper limit for each algae that 
can be tolerated in a particular sup- 
ply must be determined. Then when 
the algae are increasing in numbers 
and reach the predetermined limit, 
and temperature is not changing fav- 
orably, it is time to treat. It is not es- 
sential or economical to treat a sup- 
ply until these limits are reached. 

Whenever any objectional algae 
are present in a supply and temper- 
ature is favorable to growth, daily 
microscopic examination is a must. 
With conditions right, the increase in 
algae count can be phenomenal. 

After deciding when it is necessary 
to treat a supply, the next factor to 
consider is the amount of copper sul- 
phate to use in treating. 


Many Factors Govern Doses 


In regard to the question of the 
amount of copper sulphate necessary 
to use in treating a supply, Dr. Hale® 
states, “Experience differs with wa- 
ters of different composition, with 
temperature and with the amount of 
organism. It is a waste of chemical to 
apply an insufficient amount. If a 
smaller dosage fails, the entire larger 
dosage must be applied at one time.” 

Therefore, it is a waste of chemical 
to apply an insufficient amount, just 
as it is a waste to apply an excess 
amount. 

According to the table based on 
data by Moore and Kellerman, Whip- 
ple and others® it will be noted that 
in many instances, more than one 
dosage rate of copper sulphate treat- 
ment is given for the same organism, 
as Aphanizomenon 1.0 to 4.2 Ib per 
mil gal. If the supply should be 
treated for Aphanizomenon with 1.0 
lb of copper sulphate crystals and 4.2 
lb per mil gal should be needed, the 





1.0 lb per mil gal treatment would be 
wasted as the 4.2 lb per mil gal must 
be applied at one time. Likewise if the 
4.2 lb per mil gal were used and one 
pound would do the work, then 3.2 
lb per mil gal would be wasted. Thus, 
this table must be tempered with ex- 
perience as to the chemical character- 
istics of the water, the temperature, 
and the type of organism on hand. 

With this method there is always 
uncertainty as to the outcome of the 
treatment, as variation in the type of 
organism and composition of the wa- 
ter will change the amount of copper 
sulphate necessary to remove the al- 
gae. Furthermore, when a treatment 
is effective, an operator does not 
know if he has added an excess 
amount of algicide and thereby wasted 
some of the chemical. 


No Fixed Dose Possible 


Copper sulphate is used in many 
plants in the form of continuous ap- 
plication. In a paper by Paul Weir’ 
on this method of algae control, the 
following statement appears : “Micro- 
scopic examinations and threshold 
odor tests are important in attaining 
efficient application and control. There 
ts not one fixed dosage of copper sul- 
phate suitable for any one condition,” 
(italics by author) “but, generally 
speaking, an application of two to ten 
pounds per mil gal of water will be 
found effective in the elimination of 
the most objectional microscopic 
growths.” 

According to Whipple® the amount 
of copper sulphate to use in treating 
a supply depends on seven factors: 


1. The kind of algae to be destroyed. 
2. The amount of organic matter present. 
3. The 
4. The carbonic acid content. 
5. The temperature of the water. 

». The species of fish present. 

*, The amount of water to be treated. 


hardness of the water. 


Much of the author’s experience 
with algae contro! was obtained at the 
Canoe Brook Reservoir of the Com- 
monwealth Water Co. located in 
Summit, N. J. While chemist for that 
company, the author devised a sim- 
ple, practical laboatory test to de- 
termine the amount of copper sul- 
phate necessary to use in treating a 
supply of water regardless of its tem- 
perature and composition, and, with- 
in certain limitations, regardless of 
the type and amount of organism 
present. This test, which became 
known as the “D.M. Test” after the 
author’s late father, David Monie, 
who spent his entire working lifetime 
in the water works business, has been 
used successfully for the past fifteen 
years. 
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DIAGRAMMATIC sketch of Canoe Brook Reservoir—Summit, N. J. 
Dotted lines show how reservoir is sectioned for purpose of sampling water and applying 
copper sulfate in proportion to water depth and algae concentrations.—During algae growing 
season each section is sampled daily for microscopic examination. 


The D. M. Test 


It was found that the addition of 
certain amounts of copper sulphate 
to water containing algae resulted in 
an increase in the alkalinity. It was 
further observed that the amount of 
copper sulphate needed to bring about 
this increase in alkalinity was the cor- 
rect amount to use in treating. After 
much experimentation the following 
test was developed. 

The equipment and chemicals nec- 
essary for the test are: 


a. Six 50 ml. Nessler tubes. 

b. A copper sulphate solution of a 
strength so that 2 ml added to a liter 
of water equals a copper sulphate 
treatment of 1.0 Ib per mil gal. 

c. Phenolphthalein indicator. 

d. NaOH solution, 0.01136 N. 


To make the copper sulphate solu- 
tion mentioned in item b, dissolve 0.6 
gram of the commercial copper sul- 
phate used for treatment in 1 liter of 
distilled water. Dilute 100 ml of this 
solution to 1 liter with distilled water. 
Two ml of this final solution per liter 
of same equals 1.0 lb of CuSO, 
.5H2O per mil gal, or 0.1 ml per 50 
ml of sample equals one pound of 
copper sulphate crystals per mil gal. 


Test Procedure 

Place 50 ml sarnples of the water to 
be treated in each of six 50 ml Ness- 
ler tubes A, B, C, D, E, and F. To 
tube A, add 0.1 ml of copper sulphate 
solution (b) to equal a treatment of 
1.0 Ib per mil gal.; to tube B, add 0.2 
ml of solution (b); to tube C, add 
0.3 ml of solution (b); to tube D, 
add 0.4 ml of solution (b); to tube 
E, add 0.5 ml. of solution (b). To 
tube E, add 0.5 ml of solution (b). 
To tube F, no copper sulphate is 
added. Tubes A, B, C, D, E now con- 
tain, respectively, copper sulphate 
dosages equal to 1.0, 2.0, 3.0, 4.0, and 
5.0 lb per mil gal. These samples are 
then mixed by corking and inverting 
approximately thirty times simultane- 
ously. 


To the Nessler tube F (the blank 
sample) phenolphthalein indicator is 
added. If there is a negative amount 
of free carbon dioxide, enough indi- 
cator is added until there is a faint 
but distinct pink color. Then the same 
amount of phenolphthalein is added 
to each of the other samples. The 
samples are compared and the tube 
with the deepest color is the tube con- 
taining the sample to which has been 
added the correct amount of copper 
sulphate to use in treating. 


Influence of 
Carbon Dioxide 


If there is free carbon dioxide pres- 
ent (and there usually is), three 
drops of phenophthalein are added to 
each of the six samples in the Nessler 
tubes after they have been mixed with 
the various amounts of solution (b) 
as described above. Then 0.01136N 
sodium hydroxide is added to the 
Nessler tube F (the blank sample) 
until there is a faint but distinct pink 
color. The same amount of the sodi- 
um hydroxide is then added to the 
other five samples and the tubes are 
compared for color. The deepest color 
will be found to be in the tube con- 
taining the sample to which the most 
effective and economical amount of 
copper sulphate to use in treating has 
been added. 

This test is practically the same as 
a free carbon dioxide titration. How- 
ever, in the algae test it is simpler to 
have both the phenolphthalein and the 
sodium hydroxide in dropper bottles, 
as the equal amounts can be easily 
added to the sample tubes by count- 
ing the drops. The 0.01136 N sodium 
hydroxide concentration is used sim- 
ply because finer control can be main- 
tained on the color. In waters with 
considerable carbon dioxide, 0.02272 
N can be used just as effectively. 

It is important to note that the tube 
with the deepest color is always dark- 
er than the blank sample. Therefore, 
at the correct dosage of copper sul- 
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CONTINUOUS copper sulfate solution feed 


necessity of having a trained operator 
for this type of work. It is an addi- 
tional tool for the trained man to 
work with. 


Proper Method 


of Copper Application 

Proper distribution of the copper 
salt through the reservoir water is 
important to successful algae control 
Knowledge of the first two steps for 
algae control—when to treat, and 
how much copper sulphate to use in 
treating—would be of no value with- 
out proper application of the chemi- 
cal. For example, if a 4.0 Ib per mil 
gal treatment of copper sulphate is 
necessary, then the chemical must be 
applied so that the water in all parts 
of the reservoir has received approx- 
imately the same dosage rate. The 
deeper parts of the reservoir must re- 
ceive in proportion more copper sul- 
phate than the shallow parts. If this 
is not done, some portions of the 
water will be undertreated and the 
algae not killed in these parts remain 
to re-seed the reservoir. 

Here again, a detailed study of con- 
ditions of each reservoir must be 
made and the method of application 
decided upon after careful delibera- 
tion. In the majority of lakes the best 
method of application is by dissolving 
the copper sulphate from burlap bags 
or perforated boxes attached to a 
boat. However, in some lakes and for 
certain types of algae some other 
method of application such as spray- 
ing either a solution of copper sul- 
phate or broadcasting the pulverizing 
dry salt may be more practical. 
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Knowledge of Reservoir 
Topography Important 

In order to obtain proper uniform 
distribution of the chemical, a knowl- 
edge of the reservoir bottom topog- 
raphy is an important consideration. 
If a contour map of the reservoir 
bottom, is not available, one should 
be made. The points for preparing 
such a map are easily obtained by 
sounding from a boat, or from the 
ice in northern regions. 

When the reservoir bottom topog- 
raphy is known, it is a simple matter 
to section the reservoir into areas of 
approximately uniform depth. With 
this knowledge it is possible to appor- 
tion the copper sulphate in treating 
so that equitable application can be 
planned and made. In deep reservoirs 
usually only the top twenty to thirty 
feet depending upon stratification 
need be considered in treating. 

The most common method of treat- 
ing is by a boat propelled by an out- 
board motor. The chemical is placed 
in two burlap bags, one on each side 
of the boat, suspended from frames 
so that additional copper sulphate 
can be added to the bags to keep the 
amount of chemical exposed to the 
water uniform. The strength of the 
treatment is regulated by the level of 
copper sulphate crystals carried in the 
bags. 

The conventional strip method is 
used in treating. The width of strip 
may vary between 40 to 100 ft. The 
narrower the strip that will allow full 
treatment in a working day the better 
the results. The same width of strip 
should be adhered to regardless of 
the amount of chemical per treatment, 
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ELEVATED WATER TANKS 


Graver elevated water tanks are ex- 
pertly fabricated from carbon steel, 
stainless steel or aluminum at 
Graver plants across the country 
and are erected on the site by 
experienced Graver crews to the 
highest welding standards. 


The selection of one of the stand- 
ard sizes shown in the table offers 
the advantage of lowest cost and 
quick deliveries. Should one of 
the standard sizes not be suitable, 
special designs by Graver’s engi- 
neers is a regular service. 


Graver is an approved fabricator 
of pump suction tanks under the 
Factory Mutual Fire Insurance 
Companies specifications. All 
standard sizes shown in the table 
have 4" bottoms, '%@" self-sup- 
porting roofs and shells of thick 
ness such that stress does not 
exceed 15,000 psi. 
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250,000 
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Height 


317 11%” 
31” 104” 
31’ 7%” 


PUMP SUCTION TANKS 


GRAVER| STANDPIPES AND RESERVOIRS 


Water supply storage tanks whose height exceeds the diameter are referred 
to as standpipes. When the diameter exceeds the height, they are called 
reservoirs. Standpipes normally provide static head to the water distribution 
system; reservoirs usually are intended for storage and reserve supplies. 
For both types of water tanks, there can be no standard sizes offered. 
Since the size and form ves porn upon local conditions and individual 
requirements, standpipes and reservoirs must be designed in accordance 
with the special needs of the users and the characteristics of the site. 
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CONTINUOUS copper sulfate solution feed 


necessity of having a trained operator 
for this type of work. It is an addi- 
tional tool for the trained man to 
work with. 


Proper Method 
of Copper Application 


Proper distribution of the copper 
salt through the reservoir water is 
important to successful algae control. 
Knowledge of the first two steps for 


algae control—when to treat, and 
how much copper sulphate to use in 
treating—would be of no value with- 
out proper application of the chemi- 
cal. For example, if a 4.0 lb per mil 
gal treatment of copper sulphate is 
necessary, then the chemical must be 
applied so that the water in all parts 
of the reservoir has received approx- 
imately the same dosage rate. The 
deeper parts of the reservoir must re- 
ceive in proportion more copper sul- 
phate than the shallow parts. If this 
is not done, some portions of the 
water will be undertreated and the 
algae not killed in these parts remain 
to re-seed the reservoir. 

Here again, a detailed study of con- 
ditions of each reservoir must be 
made and the method of application 
decided upon after careful delibera- 
tion. In the majority of iakes the best 
method of application is by dissolving 
the copper sulphate from burlap bags 
or perforated boxes attached to a 
boat. However, in some lakes and for 
certain types of algae some other 
method of application such as spray- 
ing either a solution of copper sul- 
phate or broadcasting the pulverizing 
dry salt may be more practical. 
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Knowledge of Reservoir 
Topography Important 

In order to obtain proper uniform 
distribution of the chemical, a knowl- 
edge of the reservoir bottom topog- 
raphy is an important consideration. 
If a contour map of the reservoir 
bottom, is not available, one should 
be made. The points for preparing 
such a map are easily obtained by 
sounding from a boat, or from the 
ice in northern regions. 

When the reservoir bottom topog- 
raphy is known, it is a simple matter 
to section the reservoir into areas of 
approximately uniform depth. With 
this knowledge it is possible to appor- 
tion the copper sulphate in treating 
so that equitable application can be 
planned and made. In deep reservoirs 
usually only the top twenty to thirty 
feet depending upon stratification 
need be considered in treating. 

The most common method of treat- 
ing is by a boat propelled by an out- 
board motor. The chemical is placed 
in two burlap bags, one on each side 
of the boat, suspended from frames 
so that additional copper sulphate 
can be added to the bags to keep the 
amount of chemical exposed to the 
water uniform. The strength of the 
treatment is regulated by the level of 
copper sulphate crystals carried in the 
bags. 

The conventional strip method is 
used in treating. The width of strip 
may vary between 40 to 100 ft. The 
narrower the strip that will allow full 
treatment in a working day the better 
the results. The same width of strip 
should be adhered to regardless of 
the amount of chemical per treatment, 











DESIGNED, FABRICATED AND ERECTED BY [GRAVER] 


LANL WIR OP oer rw 





























ELEVATED WATER TANKS 


Graver elevated water tanks are ex- 

pertly fabricated from carbon steel, 
stainless steel or aluminum at ng Columns 
Graver plants across the country . 
and are erected on the site by 
experienced Graver crews to the 
highest welding standards. 


The selection of one of the stand- 
ard sizes shown in the table offers 
the advantage of lowest cost and 
quick deliveries. Should one of 200,000 
the standard sizes not be suitable, | oa aT 
special designs by Graver’s engi- 
aaoee isa on te service 400,000 
7 . : ; 500,000 
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~ or Actual 
Graver is an approved fabricator Capacity 
of pump suction tanks under the Capacity | Liquid | Diameter 
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PUMP SUCTION TANKS 


R| STANDPIPES AND RESERVOIRS 


Water supply storage tanks whose height exceeds the diameter are referred 
to as standpipes. When the diameter exceeds the height, they are called 
reservoirs. Standpipes normally provide static head to the water distribution 
system; reservoirs usually are intended for storage and reserve supplies 
For both types of water tanks, there can be no standard sizes oftered 
Since the size and form depend upon local conditions and individual 
requirements, standpipes and reservoirs must be designed in accordance 


with the special needs of the users and the characteristics of the site 
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Elevated Water Tank 
for the City of 
Plymouth, Indiana 





Ralph Lentz, Water Works Superintendent 

Clyde E. Williams & Associates, Inc., 
Consulting Engineers, South Bend and 
Indianapolis, Ind. and Lansing Mich 
Lioyd Taylor, Project Engineer 

Graver Tank & Mfg. Co., Inc., 


Design, Fabrication and Erection 





Type: Double Ellipsoidal Elevated Tank 

Capacity: 400,000 galions 

Height of Overflow: 130 feet 

Low Water Level: 100 feet 

Diameter of Tank: 50 feet 

Built to AWWA Specifications, except that %” plate 
was used on the roof instead of %” minimum 

Painted and Sterilized 





THE PROBLEM 


A water supply system designed to serve a rural 
county seat of 3,838 people was woefully inadequate 
for today's population of 6,704 in this thriving trad 
ing center. One industry alone consumed one-third 
of the water. And the situation was further com 
plicated by a disasterous flood in 1954 which polluted 
the city’s wells located near the Yellow River. Steps 
had to be taken without delay to meet the problem 
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THE SOLUTION 


Anticipating probable population and commercial 
requirements by 1980, plans were developed for new 
wells, larger mains, and adequate pumping and stor 
age capacity. Standards of the National Board of Fire 
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: : Underwriters indicated a fire pumping formula of 
vy t 150% of the flow required for normal domestic use 
; y 1 plus 10 hours of fire flow. The desirable storage 





capacity was set at 500,000 gallons, 100,000 gallons 
in an existing tank and 400,000 gallons in a new tank 

Graver was selected to design, fabricate, erect 
paint and sterilize the new 400,000 gallon elevated 
water tank 

The close teamwork of the city’s water works super 
intendent, the consulting engineers and the Graver 
organization speeded the elevated water tank 
erection so that the new water system could be put 
into operation in 1956 





























If you have a water storage or pressure problem, it 
would be well to talk it over with a qualified con 
sulting engineering firm and Graver, whose 100 years 
of experience in tank fabrication and erection can 
contribute measurably to your plans 


GRAVER TANK & MFG. (O..[NC 
EAST CHICAGO, INDIANA 


New York « Philadelphia « Edge Moor, Delaware 
Pittsburgh « Detroit « Chicago « Tulsa « Sand 
Springs, Oklahoma « Houston « Los Angeles 
San Francisco « Fontana, California 
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the amount going into solution de- 
pending upon the amount exposed to 
the water. 

In a case where a reservoir is so 
large that strips over 100 ft are neces- 
sary, more than one boat should be 
used in treating. Other methods of 
“coppering” a reservoir have been 
described by Darby’. 


Continuous Feed 

Where local conditions permit, con- 
tinuous feed of copper sulphate may 
prove the best method of applica- 
tion. Especially where water passes 
through a chain of reservoirs. 

With labor cost increasing it may 
be more economical to use continuous 
feed although it may result in chemi- 
cal waste. 

Conclusion And Comment 

Once started on the study of algae, 
the result will not only be a far su- 
perior water but also a fascinating 
hobby. 

Results of proper application of the 
three fundamentals of algae control 
ment actually destroys the organism 
will be most gratifying. Proper treat- 
and does not allow, as in the case of 
improper treatment, half dead organ- 
isms to remain and re-seed the reser- 
voir when conditions for growth 
again become favorable. 

With proper treatment, results are 
evident within a 24-hour period after 
treatment, never more than 48 hours. 
Where results are not shown for 
from 3 to 7 days or more after treat- 
ment, the apparent result is probably 
due to other changes such as tempera- 
ture as much as from the sulphate 
treatment. 

The following library is very help- 
ful in a study of algae: 
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MOTORBOAT method of coppering 


Belt-conveyor sketched below is set to feed copper sulphate at 
predetermined rate in propeller stream 


“Standard Methods for the Ex- 
amination of Water, Sewage, and 
Industrial Wastes’, Tenth Edition, 
APHA, AWWA, FSIWA. 

“The Microscopy of Drinking 
Water” by George C. Whipple, 
John Wiley, New York. 

“The Use of Copper Sulphate in 
Control of Microscopic Organ- 
isms”, Phelps-Dodge Refining Co., 
New York 

References: 

(1) Fitch, C. P. et al “Water as a Cause 
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24:1; 30 (1934) 

(2) “Standard Methods for the Exami- 
nation of Water, Sewage, and Industrial 


Wastes,’ 10th Ed. APHA, AWWA, 
FSIWA. 

(3) “The Microscopy of Drinking Wa- 
ter” by George C. Whipple, John Wiley, 
New York. 

(4) Palmer and Tarzwell, Public 
Works, June, 1955, “Algae of Importance 
in Water Supplies.” 

(5) Monie and Nelson, “Algae Control,” 
Jour. AWWA, April, 1941. 

(6) Hale, Frank E., “The Use of Cop- 
per Sulphate in Control of Microscopic Or- 
ganisms,” Phelps-Dodge Refining Co., New 
York. 

(7) Weir, Paul, “Copper Sulphate in the 
Water Purification Plant,’ Water Works 
& Sewerage, May, 1939. 

(8) Derby and Townsend, “Reservoir 
[reatment by Improved Methods” Water 
& Sewage Works, June, 1953. 
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SPECIFICATION sketch for belt-conveyor type copper sulfate feeder (not to scale). 
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AT EACH of the seven Jones Company plants, Chlorine 


‘s received in tank 


epacked in smaller containers selecicd to meet the customer's needs. 


Save storage space and shipping time 


on your next CHLORINE purchase: 


GET FAST DELIVERY ON MANY CHLORINE PRODUCTS 
IN WHATEVER CONTAINER BEST FITS YOUR NEEDS 


Stop the cost and nuisance of storing 
huge amounts of Chlorine. Buy only 
what you need—whether it’s several 
carloads, just part of one tank car, or as 
little as 16 lbs.! 


You can get less-than-carload ship- 


ments of Chiorine from John Wiley 
Jones, And you get them quickly, be- 
cause Jones has 7 distribution cen- 
ters spotted in important locations 
around the country, and each one 
ready to make delivery within a mat- 
ter of hours in many cases. 
Eliminates searching 
You save searching time, too, because 
vou have a single convenient and de- 
pendable source for all your Chlorine 
products—liquid Chlorine, Calcium Hy- 
pochlorite, and Sodium Hypochlorite. 
Cylinders, tins, drums, carboys, and 


CALEDONIA, NEW YORK 


ton-tanks—Jones delivers in any type of 
container you require. This flexibility, 
plus the speed of Jones’ deliveries, gives 
you complete protection against sudden 
emergency needs for Chlorine. 


Top quality 

Jones Chlorine is quality controlled to 
meet high government standards. Mu- 
nicipalities, public utilities and indus- 
trial users have relied on Jones Chlorine 
for a quarter of a century. 

Dependable 

We supply more municipalities than all 
other Chlorine packers combined. 

Our trained technical staff will be 
glad to help you solve your Chlorine 
problem. Take the waste out of your 
Chlorine buying. Do it now! Write. for 


price s. 


LIQUID 
CHLORINE 


In 16-, 105-, 150-Ib. 
cylinders and 1-ton 
tanks. 





CALCIUM 
HYPOCHLORITE 


(70% available 
Chlorine) In 3%4- 
and 5-lb. tins, 
100-Ib. drums. 








SODIUM 
HYPOCHLORITE 


In gallons, carboys. 
Tankwagon 
deliveries in 
1000-3000 gal. lots 








WYANDOTTE, MICH 


JOHN WILEY JONES CO. 


14400 N. E. 20th Lane 

North Miami, Fla. 

Tele—North Dade 6-146! 
6- 1462 


2345 Dennis St 
ennis St. 
Jacksonville, Fla. 
Tele—Elgin 4-5503 

6-332! 
610 McNinch St. 1800 Payne Ave. 
Charlotte, N. C. Wyandotte, Mich. 
Franklin 6-7790, 6-1922 Tele—Avenue 3-0676 


100 Sunny Sol Bivd. 600 Bethe! Ave. 
Caledonia, New York Beech G 


rove 
Tele—Caledonia 84, 79, 339 (indianapolis), Ind. 


1904 Border Ave. ele— 

Torrance, Calif. State 6-1443, 6-1444 
Tele—Fairfax 8-6383 
Nevada 6-6795 
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C HLORINE dispensing equipment 
is designed to control, measure 
and apply chlorine in the 
phase. Serious difficulties arise when 
attempting to secure accurate meter- 
ing of liquid chlorine. The following 
statements apply generally, and reveal 
important reasons for designing equip- 
ment to handle gaseous chlorine: 

1. Chlorine in the gas phase lends 
itself readily to constant pres- 
sure control. 

Chlorine gas feed may be con- 
trolled either manually or auto- 
matically. 
Gaseous 


gaseous 


chlorine may be me- 
tered with either visual or ori- 
fice type flow meters, with or 
without recording instruments. 
Chlorine gas is readily diffused 
into a liquid medium at the point 
of application 


Operating Principles 


Equipment for dispensing gaseous 
chlorine is designed to utilize the 
principles of pressure (direct) feed 
or of vacuum feed. The dispensing 
apparatus is connected either to the 
outlet valve of a cylinder standing 
vertically (Fig. 1), to the upper out- 


Chemist, The Chlorine 


York, N. Y 


Re search 


New 


Formerly 
Institute, Inc., 


Chlorine Feeders 


by V. W. LANGWORTHY 


Development Engineer, Omega Machine Co. 
Div. of B-I-F Industries, Inc., Providence, R. |. 


let valve of a horizontal ton con- 
tainer, to the gas valve of a single 
unit tank car, to the outlet regulator 
of a vaporizer, or to a valve located 
in the chlorine gas piping system. 

The accuracy of a chlorine gas 
metering system relies basically on 
constant temperature and pressure 
conditions. The piping system de- 
livering chlorine gas to the measur- 
ing device must be free of loops or 
pockets and avoid areas of low tem- 
perature, such as windows and cold 
walls. It is desirable to protect chlo- 
rine gas lines against temperature 
changes by insulating the piping sys- 
tem where necessary. Many operators 
install pressure controlling devices 
adjusted to maintain pressure within 
the temperature range where chlorine 
will not reliquefy in the chlorine pip- 
ing system. 

It is suggested that a check of in- 
jector operation be made each time 
a vacuum chlorinator is placed in 
service. It would appear obvious that 
if an injector will pull air through 
the vent lines, for example, it will 
remove chlorine gas. 

All types of chlorine feeding de- 
vices are connected to the chlorine 
piping system in such’ a manner that 
chlorine flow may be valved off when 
the feeder is out of service (Fig. 2). 








= 
ca 











Vacuum Feed of Chlorine 
(Visible Vacuum Type) 


Feeders of the visible vacuum type 
are characterized by a glass bell jar 
which encloses the chlorine pressure 
reducing valve, metering orifice, and 
vacuum relief float ; it may or may not 
enclose a calibrated feed rate tube. 
Chlorine is confined within the bell 
jar by means of a water seal main- 
tained by an auxiliary water line. 
Two chlorine feeders of the visible 
vacuum type are illustrated in Fig. 
3. 


Chlorinator 


As the name implies, chlorine may 
be fed by a visible vacuum Chlorin- 
ator* only when a condition of partial 
vacuum exists within the bell jar, 
and when all valves in the chlorine 
piping system are open. Pressure less 
than atmospheric is maintained with- 
in the bell jar by means of a water 
operated injector. The injector also 
removes chlorine at a rate dependent 
upon the metering orifice size and the 
amount of negative pressure within 
the bell jar. 


*Product of Wallace & Tiernan Co., Inc., 
Newark, N.J. The term is also applied to a 
product of the Chemical Equipment Co., Los 
Angeles, Calif 














Builders-Providence Photo 


Fig. 1—CONNECTION of chlorine feeder to chlorine cylinder 


Flexit 


e tubing conveying gas should slope upward from the cylinder. 


Wallace & Tiernan Photo 
Fig. 2—VALVE in chlorine supply line 


! 


Union coupling connects line to feeder. 
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MATHIESON QUALITY PRODUCTS FOR 
TREATMENT OF WATER AND WASTES 


TREATMENT OF RAW WATER @ CLARIFICATION OF TURBID AND COLORED SUPPLIES @ REMOVAL OF TASTES AND ODORS @ WATER 
SOFTENING @ STERILIZING NEW EQUIPMENT @ CLEANING SUPPLY EQUIPMENT AND INSTALLATIONS @ EMERGENCY CHLORINATION 


HTH GRANULAR 


The following outstanding properties of 
HTH have gained wide acceptance for the 
product by water works operators and others 
using HTH in water treatment: dependable 
strength of at least 70% available chlorine, 
high stability that maintains the product at 
full strength even after months of storage 
at summer temperatures, low calcium chloride content that 
eliminates hygroscopic tendencies, rapid and complete 
solubility of the active ingredient in water. 
The available chlorine in HTH is in the form of true 
calcium hypochlorite, which is Ca(OCl).. When considera- 
tion is given to the light-weight, non-returnable containers 
in which HTH is shipped, its available chlorine per pound 
of gross weight exceeds that of liquid chlorine in the 100- 
and 150-lb. cylinders. Moreover, its use involves none of 
the hazards that attend the handling and use of liquid chlo- 
rine. It is little wonder, therefore, that water works men 
avail themselves of this convenient, safe source of available 
chlorine wherever practicable. 
The 5-lb. cans of HTH Granular, packed 9 to the case, are 
particularly convenient for sanitization of newly laid pipe- 
lines, isolated water supplies and at locations where trans- 
portation of the chlorine carrier is a troublesome factor. 
For continuous or emergency hypochlorination of water 
supplies, the 100-lb. drum of HTH Granular may be a 
more economical unit. In determining the more desirable 
package, however, consideration should be given to the 
advantage of keeping a product not immediately needed 
in sealed 5-lb. cans rather than in a 100-lb. drum that is 
frequently opened. 


HTH TABLETS 


For convenient handling in many water treatment applica- 
tions, HTH is also available as HTH Tablets. This product 
is simply HTH in the form of compressed, easy-to-handle 
tablets which dissolve slowly and provide a continuous 
source of available chlorine over an extended period of 
time. 

HTH Tablets are made wholly of dependable HTH and 
contain 70% available chlorine—the same as the time- 
tested granular product, HTH Granular. The tablets are 
stable and dust-free and thus offer an exceptionally safe 
and convenient means of handling, measuring and storing 
available chlorine. HTH Tablets are packed in 100-Ib. 
drums and in cases of twelve 334-lb. cans. 


HTH TABLET HYPOCHLORINATOR 


By use of the HTH Tablet Hypochlorinator 
the convenience offered by HTH in tab- 
let form can be combined with accurate 
metering and feeding of hypochlorite solu- 
tions. This equipment, specifically designed 
by Mathieson to dissolve HTH Tabiets and 
to dispense the resultant hypochlorite solu- 
tions, provides a convenient and efficient 
method of feeding available chlorine at rates 
which can be accurately controlled and 
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quickly varied to cover a wide range of operating demands. 
The HTH Tablet Hypochlorinator is of practical design, 
compact construction, and attractive appearance; it is easy 
to install and very simple to operate. Moreover, HTH 
Tablet chlorination eliminates all measuring and weighing 
operations, and requires no preparation of stock solutions. 
The HTH Tablet Hypochlorinator is engineered to give 
long-time reliable service. Initial cost is low, and since 
the unit operates with no moving parts, maintenance and 
upkeep expenses are almost negligible. 

HTH Tablets and the HTH Tablet Hypochlorinator can 
be applied successfully and economically in most cases 
where continuous chlorination is desired. Such uses in- 
clude chlorination of industrial wastes, industrial sewage, 
potable water, ponds, swimming pools and spray towers, 
and the feeding of hypochlorite solutions in dairies, can- 
neries, bottling plants and other food and beverage plants. 


SODIUM CHLORITE 


Chlorine dioxide (C10.), is produced at the point of use by 
the interaction of chlorine and sodium chlorite (NaClO.). 
The reaction takes place in a simple mixing chamber or 
solution generator, and the reagents may be (1) solutions 
of chlorine and sodium chlorite or (2) solutions of HTH, 
acid and sodium chlorite. The dilute chlorine dioxide solu- 
tion thus formed is fed directly into the water for taste 
and odor control and for disinfection. 

Mathieson Sodium Chlorite Technical is a dry, flaked ma- 
terial containing 130 per cent available chlorine. It is non- 
hygroscopic, extremely soluble in water and very stable both 
in dry form and in solution. Packed in 100-lb. drums and 
25-lb. pails. 


SULPHATE OF ALUMINA 
Activated Alum Brand 


Activated ,Alum—the only alum designed exclusively for 
use in the field of water and sewage treatment—contains 
finely ground natural silicates, providing a free-flowing, 
less hygroscopic product of porous structure and higher 
alumina content. Activated Alum is used and preferred by 
some of the largest municipal water works in the U.S.A. 
Packed in 100-Ib. multi-wall paper bags. 


PH-PLUS (Fused Alkali) 


A special moisture-free alkali for water treatment, fused 
at 1,800° F. and cast in %-lb. slow-dissolving cakes. The 
cakes have a purity and rate solution particularly desirable 
for pH control of swimming pool water and general indus- 
trial water treatment. Shipped in 100-Ib. bags. 


Other Mathieson Chemicals for Water Treatment: 
Soda Ash « Caustic Soda « Liquid Chlorine 
Ammonia e« MHydrazine « Sulphuric Acid 


For complete information and detailed technical data see your 
Olin Mathieson representative or write — 


OLIN MATHIESON CHEMICAL CORPORATION 


industrial Chemicals Division 


MATHIESON Baltimore 3, Maryland 





Chlorine gas is, therefore, mixed 
with water at the injector, and the 
mixture flows to the point of applica- 
tion through rubber hose or other 
materials resistant to chlorine water. 
The volume of water required to 
operate the apparatus may be min- 
imized by correct sizing of injector 
throat and tail piece, as well as by 
proper feeder selection. 

All those components of the visible 
vacuum chlorinator that are exposed 
to moist chlorine are constructed of 
corrosion resistant materials. Pre- 
ventive maintenance is_ indicated, 
however, in the interests of long and 
economical service. As one would ex- 
pect, chlorine within the bell jar takes 
on moisture from tray water used as 
a seal, hence good practice would in- 
volve removal of chlorine from the 
bell jar when taking a feeder out of 
service for any reason. This is accom- 
plished by closing the valve on the 
chlorine supply line allowing the in- 
jector to continue in operation. Re- 
duction of the gas pressure on the 
water seal surface will permit air to 
in through the vacuum 
relief line. Sufficient time should be 
allowed for complete chlorine re- 
moval from the bell jar, since minute 
amounts of moist chlorine exert great 


be drawn 


corrosive action. 
In maintenance of the equipment, 
special attention should be given to 





the chlorine pressure reducing valve. 
Free movement of the ball float can 
be assured by preventing excess scale 
formation on the valve and seat. Ex- 
treme care must be exercised in clean- 
ing this valve, so that the valve stem 
and seat are not damaged. Bell jar 
surfaces should be kept clean to per- 
mit visual examination of the several 
important items discussed above. 
Screens provided in the inlet piping 
should be cleaned regularly. The ad- 
vantage of duplicate installations may 
be readily seen when continuous 
chlorination is mandatory, since one 
machine may be removed from serv- 
ice for either routine or emergency 
maintenance service. 

The visible vacuum chlorine feeder 
may be easily adjusted for feed rate, 
but the simplicity of the operation 
may be improved by a preventive 
maintenance schedule. Changes in 
feed rate are accomplished by raising 
or lowering a column of water which 
alters the rate of chlorine removal 
from the bell jar through the meter- 
ing orifice tube. The device used to 
determine the height of the water 
column is referred to as the “adjust- 
able riser.” A silver tube, it is free 
to move through a packing gland, 
which must fit closely to prevent 
water or air leakage. The riser will 
move freely if the tube is kept pol- 
ished and if gears and pivots in the 


adjustment mechanism are properly 
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lubricated. 

Experience will indicate what spare 
parts are essential to insure continu- 
ous availability of installed equipment. 
It is suggested the following items 
be stocked as basic to a spare parts 
inventory: vacuum relief float, bell 
jar, chlorine pressure reducing valve 
and float, orifice tube, metering tube, 
adjustable riser, injector throat, in- 
jector tail piece, packing and assorted 
gaskets. 


Vacuum Feed of Chlorine 
Visible Flow 

Chlorine feeders of the visible flow 
type are characterized by the visible 
flow of dry chlorine gas through a 
rotameter, and by mixing the gas with 
water at an injector. The apparatus is 
connected to the chlorine piping sys- 
tem in such a manner that chlorine 
flow may be valved off when the 
feeder is out of service. Chlorine may 
be fed only when conditions of partial 
vacuum exist within the equipment 
and when all valves in the chlorine 
piping system are open. 

There are several dispensers of this 
type presently available to the sanita- 
tion field. The basic principles of their 
operation will be discussed. 


Chlorinizer 
The Chlorinizer* utilizes the vac- 
Inc., 


*Product of Builders-Providence, 


Providence, 





Wallace & Tiernan Photo 


Fig. 3—CHLORINATORS, two visible vacuum type chlorine feeders, and an ammonia feeder 
Compact installation in the headworks of the Tacoma, Wash., Water Dept. 
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Save by buying 
direct from a 
basic producer. 


Mr. Harry S. Fisher, Pennsalt Technical Service Engi- 
neer, inspecting ton chlorine container installation at 
City of Eugene, Oregon, chlorination station. 


THE BIG {3 
PENNSALT CHEMICALS 
for Water and Sewage 


Many municipal, co-operative, and private water 
Treatment 


systems buy chlorine and other water and sewage 
treatment chemicals direct from PENNSALT for the 
simple reason that they save. money by buying direct 1) CHLORINE—A uniform quality water works 
and taking advantage of Technical Service assistance. grade of chlorine. Used by scores of cities 


and communities throughout the West 
because of confidence in PENNSALT’S 


TECHNICAL ASSISTANCE Quality Control of the product. Shipped 
in 100 and 150 lb. cylinders and ton con- 

tainers by rail, truck and water. 

AMMONIA, Anhydrous — Water works 


all A : : " . , rade, shipped i d ttle- 
municipalities require this service to be written in their pt > Ai which lighten. a 


bids. It means PENNSALT not only provides constantly handling. 50, 100,.150 Ib. cylinders. 


high quality chemicals, but also Technical Service ay aan tied test calcium hypo- 
Enai “ taff but t ” chlorite containing 70% available chlorine 
ngineers ‘‘on your sta ut not on your payroll Shinped tn 100 bh. drume costs — tine 


There is no extra cost. 5 lb. cans to case. 


WESTERN DIVISION z 


PENNSALT CHEMICALS CORPORATION 


(Formerly Pennsylvania Salt Manufacturing Company of Washington) Pen nsa it 


TACOMA, WASHINGTON C e 
OFFICES AND TELEPHONES hemicals 


TACOMA, MA 7-9101 BERKELEY, AShberry 3-2537 PHILADELPHIA, LOcust 4-4700 
LOS ANGELES, LUdiow 7-6244 PORTLAND, CApitol 8-7655 VANCOUVER, B. C., PAcific 7578 





. is so important to users of chlorine and other e 


water and sewage treatment chemicals that some 


W.&S.W.—REFERENCE & DATA—1957 

















Fig. 4—SPRING-LOADED chiorine 
valve 


Gas metering orifice being cleaned. 


uum induced by an injector to main- 
tain a continuous flow of dry chlorine 
gas through a fixed metering orifice, 
rotameter, and bell jar. The chlorine 
gas is subsequently mixed with in- 
jector water for delivery to the point 
of application. Dosage control is ac- 
complished by adjustment of a rate 
control valve which alters the pres- 
sure induced on the spring-loaded 
chlorine control valve (Fig. 4). 

The control valve is in two sections, 
separated by a flexible tantalum dia- 
phragm. The upper section, which re- 
duces the chlorine gas pressure from 
relatively high to a partial vacuum, 
contains a needle valve upon which 
dosage control depends. The lower 
section, which contains water under 
pressure, provides the means by 
which the needle valve is adjusted. 
Any alteration of pressure in the 
lower section is transmitted by means 
of the flexible tantalum diaphragm to 
the needle valve in the upper section. 
The rate valve is controlled as illus- 
trated in Fig. 

A calibrated rotameter type meter- 
ing tube and float provide a visual 
means of flow observation. The me- 
tered chlorine gas remains dry until 
it passes into a bell jar, still under 
vacuum conditions, for delivery to the 
injector. 

The bell jar mentioned above serves 
several useful functions: it encloses 
the metered gas, contains the chlorine 
gas draw-off pipe and a float-operated 
vacuum release which limits the 
amount of vacuum induced. The 
bell jar is suspended on a rod from 
the lower section of the chlorine con- 
trol valve mentioned above, in such a 
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Builders-Providence Pt 


Fig. 5—CHLORINIZER rate setting by manual contro! 


Gas flow is visible 


manner that any interruption in 
vacuum conditions causes the needle 
valve in the upper section to react 
accordingly. Thus, the flow of chlo- 
rine to the metering component is 
stopped in the event of vacuum loss. 
A vent to outside atmosphere is also 
provided to remove chlorine vapor 
from the bell jar. 

Routine preventive maintenance in- 
cludes inspection of all threaded con- 
nections, tightening of all valve pack- 
ing collars and keeping the metering 
tube and float clear at all times 
(Fig. 6). 

Experience will indicate what spare 
parts are essential. It is suggested that 
following items be stocked as basic 
to a spare parts inventory : set of glass 
parts, spare rotameter tube and float, 
packing material, diaphragms and 
assorted gaskets. 


Ratochlor 


The Ratochlor* utilizes the vacuum 
induced by an ejector to maintain a 
continuous flow of dry chlorine gas 
through a rotameter type measuring 
tube (Fig. 7). The metered gas is 
drawn into the ejector supply water 
for delivery as a water solution to the 
point of application. Dosage control 
is accomplished by the adjustment of 
a rate control valve which alters the 
flow rate from the rotameter. 

Chlorine gas enters the dispenser 
from the chlorine supply system at 
pressures depending on the surround- 
ing temperature. Pressure reduction 
and vacuum regulation are accom- 
plished in a spring loaded regulator, 


- *Product of Fischer & Porter Co., Hatboro, 
a. 


in calibrated rc 


tameter type metering tube 


the vacuum and atmospheric sides otf 
which are separated by a flexible 
plastic diaphragm. Since the condi- 
tions of vacuum are closely regulated, 
chlorine gas is measured, then passes 
through the adjustable rate valve for 
delivery to a second regulator which 
has as its function the maintenance of 
a constant flow rate for any manual 
setting of the rate valve. 

An atmospheric venting system is 
built into the apparatus to remove 
chlorine vapor from the internal sys- 
tem to outside atmosphere. Dia- 
phragm failure in the spring loaded 
vacuum regulating device mentioned 
above will immediately shut off the 
gas flow. A pressure relief valve is 
included in the ejector assembly. 

In the interests of metering accu- 
racy, a clean metering tube and float 
are of basic importance. 

Items basic to a spare parts inven- 
tory will be learned from experience ; 
however, a spare rotameter tube and 
float, diaphragms and assorted gaskets 
should be on hand at all times. 


Sterelator 

In the Sterelator*, chlorine 
enters the upper valve chamber of the 
chlorine gas regulator and shut-off 
valve where pressure is reduced from 
that existing in the chlorine piping 
system (Fig. 8). The gas then flows 
under semi-vacuum conditions into 
the metering system through a throt 
tling valve. 

The metering component is a ta- 
pered tube rotameter type measuring 
device, calibrated to read directly in 


gas 


*Product of Everson Manufacturing Corp., 
Chicago, III 
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Builders-Providence Photo 
Fig. 6—CLEANING the metering tube 


tenance. 


3 preventive ma 


pounds per unit of time. Following 
the rotameter, the metered gas flows 
to a vacuum tower for delivery to the 
suction side of the vacuum-producing 
injector. The gas is removed from 
the upper end of the vacuum tower 
through a suction draft tube, which 
also removes sufficient water to satisfy 
the remaining demand of injector 
The lower portion of the 
vacuum tower is immersed in a float 
constant level reservoir, 
which serves as a water seal between 


suction 


controlled, 


Fischer & Porter Photo 


Fig. 7—RATOCHLOR for visible flow vacuum feed of chlorine 


Rate control valve alters flow rate from the rotameter. 


the metered gas and the atmosphere. 

Safety features of the apparatus 
include a positive, spring actuated 
shut-off at the chlorine gas regulator 
and an hydraulically operated vacuum 
breaker which provides a vent to 
the outside atmosphere. The vacuum 
breaker is connected to upper as well 
as the lower end of the vacuum tower. 


Pressure Feed of Chlorine 
Direct Feed 


Direct feed equipment provides for 

















Everson Mfg. Corp. Photo 


Fig. 8—STERELATOR chiorine feeder, visible flow vacuum type 


A rotameter is the gas measuring device employed. 
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metering dry chlorine gas and is in- 
stalled in the piping system between 
the chlorine package and the point of 
application. The gas is not injected 
into a minor stream of water for 
eventual blending at the point of ap- 
plication ; rather, the chlorine is con- 
ducted under necessary pressure con- 
ditions to the major flow of liquid 
being chlorinated. 

The apparatus includes gauges for 
determining pressures in the chlorine 
piping system and within the device. 
Metering components of pressure 
feed devices may be either the rotam- 
eter or pressure differential (manom- 
eter) types, with provision for 
pressure compensation to insure 
measuring accuracy. Anti-flood pro- 
tection should be provided to function 
automatically during shutdown pe- 
riods or when excessive back pressure 
exists at the application point. 

Maintenance of direct feed appa- 
ratus consists of regular inspection of 
the chlorine piping system, shut-off 
valve, gauges, control valve and all 
connections. The metering device 
should be kept clean at all times. 


Cleaning Procedures 

It should be noted that the removal 
of chlorine residue from hard rubber 
floats and other portions of the feed- 
ing equipment is included in good 
housekeeping practices. While no per- 
fect solution to the cleaning problem 
has been reported, the use of certain 
solvents—methanol (wood alcohol) 
and carbon tetrachloride—is_ sug- 
gested in addition to water and the 
time-tested scraping technique. 

Caution must be exercised when 
employing the organic solvents, since 





a temperature rise (particularly when 
using methanol) may occur during 
the operation. The following pro- 
cedure is recommended when clean- 
ing chlorine feeder parts: Wash with 
water to remove water soluble mate- 
rial; wash next with a recommended 
solvent, using care to avoid breathing 
any fumes released; thoroughly rinse 
free of solvent and dry completely 
before replacing the parts for service. 

It is pointed out that use of meth- 
anol and carbon tetrachloride as 
cleaning solvents avoids the possibility 
of forming undesirable chloro com- 
pounds if insufficient rinsing is accom- 
plished since methanol oxidizes to 
carbon-dioxide and water and carbon 
tetrachloride is the product of chlo- 
rinated methane ; however, good prac- 
tice indicates thorough water rinsing 
followed by air drying. 

Common practice has been to scrape 
the dry residue from the outer sur- 
faces of hard rubber components of 
feeding machines. Sharp instruments, 
such as knives or razor blades, to- 
gether with abrasives, sand paper and 
steel wool must be used carefully to 
avoid possible injury to the equip- 
ment. When the scraping procedure 
is followed, caution should be ob- 


served to avoid inhaling the dusty 
residue. 


Chlorine Hydrate 

The formation of chlorine hydrate 
commonly, 
results 


in some chlorine feeders, 
referred to as “chlorine ice,” 
from high concentrations of chlorine 
subjected at reduced pressure to tem- 
peratures below 49.2° F. Faulty feed- 
er operation or poor chlorine quality 
are not the cause of this condition, 
which may interfere with metering 
accuracy or adequate vacuum relief. 
The solution to this problem is to 
raise the temperature of the affected 
area or warm the influent chlorine 
gas. By far the safest method is 
to warm the affected area by add- 
ing warm make-up water. It is pos- 
sible to warm the influent gas, but 


extreme caution must be exercised; 
guidance in this operation should be 
obtained from the chlorine supplier 
or equipment manufacturer. 


Automatic Control 

Chlorinating equipment has been 
developed which enables automatic 
control of chlorine dosage. Acces- 
sories are available which will vary 
the feed automatically proportional 
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to the flow of the liquid being chlo- 
rinated, or will effect intermittent 
chlorine dosage where desired. 


General Suggestions 


Close attention should be paid to 
all portions of the chlorine piping 
system and feeding equipment for 
evidence of gas leakage. Inspection 
should be made of all threaded con- 
nections and valves, and should in- 
clude prompt corrective action for 
leaks. Packing glands tend to dry out 
and should be replaced at regular 
intervals. 

Leakage in water piping and valves 
should also be eliminated, if for no 
other reason than conservation. Ex- 
ternal condensation on water lines 
can be the cause of expensive 
pipe replacement and would indicate 
the need for protective paint appli- 
cation. 

Vents to the out-of-doors are fre- 
quently overlooked in routine main- 
tenance schedules. It should be noted 
that vents to the atmosphere consti- 
tute important safety devices. The 
possibility of water entering vent 
lines, thus serving as a trap, must be 
eliminated. Freezing or plugging with 
foreign material must be avoided. 
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FREE RESIDUAL CHLORINATION 


Recent developments in water works practice show 
that bacteria practically cease to exist where Free Resi- 
dual Chlorination, as accomplished by the Break-Point 
Process, is employed. Such chlorination assures the 
production of free available chlorine residuals which 
have a high killing potential. In many plants bacterial 
control by the Break-Point Process has been augmented 
with additional benefits such as improved coagulation, 
increased color removal, elimination of algal conditions, 
reduced chemical costs and increased length of filter 
runs with a resultant saving in wash water. 


W&T Series A-711 
V-notch chlorinator 


ries A-711 chlorina 

ures a new concept in 

ne flow control—the V 
Variable-Orifice. This pro- 

des wide range adjustment and 
cellent reproducibility of chlo- 
flow with substantially linear 
readings on a rotameter feed 
The Series A-711 

itor is adaptable to any 

f chlorinator control. Corro 
resistant materials, which 
nclude fiberglass plastic for the 
hlorinator cabinet, are used 


throughout to assure long life 


maintenance tree operation WA&T Series A-711 


V-notch chiorinator 


THE W&T HYPOCHLORINATOR 


W&T Hypochlorinator 
Chlorination of small water supplies involves prob- 
ns which the W&T Hypochlorinator is especially de- 
gned to meet. This equipment feeds either calcium or 
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sodium hypochlorite in solution form and is furnished 
in three types: 


The Electrically Operated type is particularly useful 
for small pumped water supplies. Since water pressure 
furnishes the major part of the operating power, the 
cost of electricity is but a few cents a day. 


Automatic Water Operated Hypochlorinators auto- 
matically proportion the chlorine solution to the flow 
of water and are especially adapted to small gravity wa- 
ter supplies with wide variations in flow. 


The Belt Driven unit is a sturdy, dependable unit for 
use where electric power is not available or where op- 
eration is to be synchronized with 
pumping equipment driven by gasoline 
engine or other similar motive power. 


WT SILACTOR ® 

The WT Silactor (pronounced SILL- 
actor) provides a system for the contin- 
uous production of activated silica with 
chlorine. Raw materials—chlorine and 
sodium silicate—are withdrawn directly 
from their own containers without 
handling or dilution. All chlorine used 
in the WT Silactor is available for the 
normal functions of chlorine, such as 
killing bacteria and algae, or for the 
oxidation of iron, manganese and other 


oxidizable material. WT Silactor 


DRY CHEMICAL FEEDERS 


For the application of dry chemicals, Wallace & Tier- 
nan offers a complete line of feeding equipment. The 
Types MO, MOF and MOI Dry Feeders include such 
advantages as positive agitation, easy calibration and 
accurate feed over ranges of from 0.5 to 200 pounds 
per hour, depending upon the chemical used. 


CONVENIENCE 


W&T is represented by a service staff prepared to 
discuss the proper equipment for any chlorination prob- 
lem. 


Current literature on the many phases of chlorina- 
tion, ammoniation and dry chemical feeding is avail- 
able on request. 





Amperometric Titration 


and Chlorine Residual Recording 


ryyv HE FACT that chlorine residuals 

r can be quickly and conveniently 
determined has been one of the fac- 
tors that has contributed to the wide- 
spread use of chlorination in the water 
works field. 


Residual Determination 


Of the older methods used, the most 
popular have been the orthotolidine 
test (known as the OT test), the or- 
thotolidine arsenite or OTA test, and 
the starch-iodide test. In the OT test, 
orthotolidine reacts with the chlorine 
in the sample to produce a color which 
is dependent on the amount of resid- 
ual chlorine present. This color is 
then compared, by means of a com- 
parator, with a graduated set of 
known standards to determine the 
value of the residual. The resulting 
answer is a measure of the total chlo- 
rine residual present. 

The OTA test is essentially a re- 
finement of the OT test in which sodi- 
um arsenite the test 
sample within five seconds after the 
OT has been added to the sample. 
The sodium arsenite neutralizes the 
combined chlorine residual present, 
the reading giving the value of free 
available chlorine residual. By use of 
this method in conjunction with the 
test without sodium arsenite, it is 
thus possible to determine free avail- 
able chlorine residual and by numeri- 
cal difference the combined chlorine 
residual. 

The starch-iodide test, involving ti- 
tration to a colorimetric end point, is 
not particularly suitable for chlorine 
residuals in the range normally en- 
countered in water works practice and 
is generally employed only where the 
residuals are greater than 10 ppm. 

Although the colorimetric test 
based on orthotolidine will continue 
to play an important role in chlorine 
residual determination, there are cer- 
tain inherent sources of error. Among 
the possible errors are false color due 
to manganese or iron, turbidity of the 
sample, variation in light source, si- 
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multaneous development, fading of 
the color, fading of the permanent 
standards, and human error. 


Newer Methods 


The two most recent methods of 
determination are ampero- 
metric titration and direct residual 
recording. Both of these methods 
eliminate the mechanical or chemical 
sources of error and minimize the pos- 
sibility of human error. 

The development of these present 
types of equipment was interrelated. 
The first approach to the problem of 
residual recording was on a colori- 
metric basis, in which a machine was 
developed to do the test, utilizing 
orthotolidine. A successful machine 
was developed, but it was necessarily 
quite complicated and not particluarly 
suited to the average water works 
installation. It might be pointed out 
that seven or eight of these machines 
were in use for many years by the 
City of Los Angeles, where they were 
used to control the dosage rate on 
volumetrically proportional chlorina- 
tors. 

Due to the inadequacies of the col 
orimetric process itself, the Wallace 
& Tiernan research program was di- 
rected along electro-chemical lines, 
with various types of potential cells 
and polarization cells being tried. Dur- 
ing the developmental stages of this 
equipment, it soon became apparent 
that calibrating electro-chemical de- 
vices by use of the orthotolidine meth- 
od was unsound, as the electro-chemi- 
cal methods were much more sensitive 
than the colorimetric method. As a 
result of the need for a more accurate 
determination, the present ampero- 
metric titration method devel- 
oped. 

With this new calibration method 
available, work was continued on the 
residual recording devices. It was 
found that some polarization cells 
could be constructed that would work 
reasonably well in the laboratory, and 
on specific types of water, but would 


residual 


was 


not perform very well under actual 
field conditions. Continued work on 
the potential cell finally produced a 
very sSatistactory piece of equipment 
that is described in more detail later 
in this article. 


Amperometric Titration 


Amperometric titration depends on 
the ability of a reducing agent, 
phenylarsene oxide, to react quantita- 
tively with free chlorine or free iodine 
over a wide pH range, without react- 
ing with combined chlorine. In the ti- 
trator itself is a platinum-silver cell, 
which produces a current due to the 
oxidizing action of free chlorine or 
free iodine. 

This current is indicated on a micro- 
ammeter connected in series with the 
cell. As phenylarsene oxide solution 
is added in small increments to the 
continuously stirred sample, the cur- 
rent decreases and the meter needle 
deflects down scale. The end point of 
the titration is reached when addi- 
tional phenylarsene will produce no 
\dditional deflection. The normality of 
the phenylarsene oxide is selected to 
give a direct reading in parts per mil- 
lion of chlorine from the quantity of 
phenylarsene oxide used. 

Combined chlorine residual can be 
determined by the titrator because the 
cell is also sensitive to free iodine. A 
small quantity of potassium iodide is 
added to the sample to be titrated. 
The amount of free iodine liberated is 
directly proportional to the amount of 
the combined chlorine present, and is 
determined by the same procedure. 

It might be pointed out that a fur- 
ther refinement in determining the 
type of chloramine is possible with 
this instrument, due to the fact that 
at pH 7 only mono-chloramine will 
release iodine from potassium iodide, 
whereas at pH 4 both mono-chlora- 
mine and di-chloramine will cause the 
release. Accordingly, by selecting the 
points at which various buffer solu- 
tions and potassium iodide are added, 
it is possible to determine in one sam- 
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chlorine, di-chloramine, 
loramine, with, of course, 
bined residual being the 
three 


ple the fre 
and mono-cl 
the total c 
un of all 

Since the end point of the titration 
whether 


determined by observing 
the pointer of an electric meter 
re is very little human error 
ifter a small amount of practice. Tur 


and iron do not af 


it anganese 
he readings, and the phenlyar- 
ene ide solution is quite stable at 
no! ity used. If desired, it is 
ssible to obtain accuracies within 
Ol py 


Residual Recording 


, 
nt residual recorder is the 


he prese 
esult of a development program 
it extended over a period of mort 
15 years and which involved 


numerous trial cells in the laboratory 
le trailer laboratory, and many 
trial installations. There was finall) 


+1 


leveloped the present arrangement 
that makes use of a platinum alloy 
ypper cell with the electrodes mount 

ed coaxially with the sample wate 
¢ through the cell continously. 

ry is proved to be a very success 


| piece of equipment, and at present 


there are approximately 300 of these 
( 
The iracteristic of this cell is to 
ce a small DC current which is 
lire portional to the amount of 
e chlorine or free iodine present 
the ple his current is meas 
red by a recording micro-ammeter 
rt printed in terms of parts 
per million of chlorine. Provision is 
le to continuously recirculate a 
uantity of abrasive, which pre 
l | the cell unit by slime 
hemical deposit 
Che cell has both a temperature cx 
‘ ‘ da pH coeffi ient. The ef 
ect rt temperature on the change in 
ent is mathematically predictable 
ympensated for by a manual 
py e setting incorporated in 
he recordet ircuit. Since the coeffi 
ent of pH is not mathematically 
edictable, the sample water is stabi 
red to a known pH by the addition 
ll amount of continuously 
ped buffer solution 
\ the case of the titrator, the 
( be set to record either 
ee chlorine or total chlorine. When 
free chlorine residual record is de 
red, a standard buffer solution is 
d. Whe total chlorine is to be 
read, potassium iodide is added to the 
buffer, and since the cell reacts to 
both free chlorine and free iodine, the 


reading represents the total 
ount of chlorine residual present. 


rhe hydraulic section of the equip- 
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AMPEROMETRIC TITRATOR is used for very accurate laboratory determination of 
chlorine residuals and for calibration of residual recorders 


has a suitable flow regulator, a 


tap, and is equipped with 
a motor-driven me 


ment 

sample 
either a manual or 
chanical filter. Incorporated in the 
recording instrument is a set of alarm 
tacts can be ar 


contacts These col 


ranged to give a single alarm for 


rer 
either high or low residual, or to give 
alarms whether 
the reading is too high or too low. 
The position of the contacts is readily 


separate indicating 


adjustable to give a signal at any point 
full scale 
] 


recorder is designed so that 


along the 

The 
it may he calibrated to any full scale 
range that best suits the conditions at 
a given installation. Standard charts 
available have a range from 0 to 1, 0 
to 2, or 0 to 5 ppm. Calibration pro- 
cedure is to make the chart reading 
correct at two values of residual. One 


of the values used is zero, the other 
being the residual in the water ar- 
riving at the installation. It 
Is not necessary to have zero chlorine 
residual water available for the zero 
determination, as this condition can 
be simulated by turning off the water 
supply to the cell. Normal residual in 
the sample water is measured on the 
amperometric titrator furnished with 
the residual recorder. 


rec ordet 


Application 


The present uses of both the titra- 
tor and the recorder are quite numer- 
ous. The titrator is part of any well- 
equipped laboratory, where it can be 
used in any tests requiring accurate 
determination of chlorine residuals. 


Such tests include the chlorine de- 
mand of water, the type and quantity 





of residual chlorine available, and the 
residual level in taste and odor thresh- 
old tests. In addition, it is used in 
conjunction with the residual record- 
er as a calibration instrument. 

The residual recorders are quite 
flexible in their installation. For ex- 
ample, the determining cell and the 
recorder can be separately located up 
to several miles apart. In addition, it 
is perfectly feasible to have a remote 
indicator or recorder that repeats the 
residual shown on the initial recorder. 

The recorders are available in two 
different arrangements. One style is 
cabinet mounted for a permanent in- 
stallation. The second consists of three 
smaller readily portable units, which 
bolt together to form a panel. This 
latter type is used primarily for re- 
cording on the distribution system. 

The residual recorders have proved 
very useful for filter piant operation 
and for systems where chlorination 
alone is practiced. In filter plants 
where pre-chlorination and post-chlo- 
rination are used, sample water to the 
recorder can be taken after the mix- 
ing chamber, or at some point in the 
sedimentation basin. 

Sudden increases in the chlorine 
demand in the raw water will be al- 
most immediately detected and ap- 
propriate steps can be taken to adjust 
the pre- and post-chlorination doses. 
One Eastern plant that makes use of 
this setup was immediately alerted 
when the pre-chlorination residual 
dropped to zero. The sudden increase 
in demand was traced to a leaking 
tank of ammonia at a fertilizer plant 
approximately a mile up the river. 

Aside from detecting unusual con- 
ditions, sampling in the clear well 
prior to post-chlorination can allow 
adjustment of the post-chlorination 


to compensate for varying residuals 
caused by variation in detention time, 
sunlight, and atmospheric conditivns. 

In systems not employing filtration 
plants but making use of chlorination, 
the recorder is of obvious value in 
furnishing a permanent record of the 
chlorine residual carried into the sys- 
tem. Such a record gives an overall 
measure of the efficiency of the chlo- 
rination program. As such it would be 
valuable in discussion with the Health 
Department responsible for the sys- 
tem. In the event of litigation based 
on waterborne disease, this record 
could be the star witness. It would 
also serve as a sound basis for admin- 
istrative evaluation work and future 
planning of improvement projects. 

Since the value is recorded con- 
tinuously, it is easy to detect a down- 
ward or upward drift in the residual 
reading so that appropriate chlorina- 
tion rates can be set up to maintain 
the proper residual. There have been 
very few installations of recorders 
made where additional knowledge of 
the operation or the hydraulics of the 
system was not secured. 

Numerous cases have shown up 
where too much time was consumed 
in getting new tanks hooked up to the 
chlorinators, with the result that the 
residual dropped to zero for consider- 
able periods of time. In one Mid- 
Western pumping and rechlorination 
station it was discovered that the re- 
sidual dropped to zero each night 
about 7 o’clock, stayed down for about 
an hour, and then went back to norm- 
al. Careful investigation showed that 
the night attendant was shutting down 
the chlorinator while he went out of 
the plant for his dinner. 

Patterns of hydraulic flow can 
sometimes be determined by use of a 
residual recorder, where practically no 
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other method would be satisfactory. 
In one particularly long pipeline it 
has been found that it takes 26 hours 
for the water to go from a lake pump- 
ing and chlorination station to a 
pumping and rechlorination station at 
the beginning of the distribution sys- 
tem. With a recorder operating direct- 
ly after the lake pumping station, it is 
possible to correct any error in under- 
teed or overfeed by a suitable adjust 

ment 26 hours later at the second sta 

tion. 

In grid systems or systems where 
the flow can follow alternate routes 
continuous residual recording is very 
useful in determining flow patterns 

In addition to the uses previously 
indicated, there appears to be an ever- 
increasing field for this type of equip- 
ment. At present there are several 
experimental installations in both Eng- 
land and the United States in which 
the residual recorder is used to sup- 
plement proportional volumetric con- 
trol. In certain highly specialized 
cases where the degree of sewage 
treatment has to be extremely high 
since the effluent enters a source of 
potable water, residual recorders would 
be indicated as a measure of efficiency 
of the sewage plant. Methods also 
have been developed for cyanide des- 
truction and heavy metals removal 
which are based on control of the oxi- 
dation process by means of similar 
type cells. 


Summary 

In summing up, there is now avail- 
able an amperometric titrator for very 
accurate laboratory determination of 
chlorine residuals and a well-proven 
and practical residual recorder with 
a multitude of uses in filter plant op- 
eration and water distribution 
tems. 


sys- 





W.&S.W.—-REFERENCE & DATA—1957 









Pulverized Quicklime for Water Softening . 


IME in its various forms has many 
#5 uses in the treatment of water. 
[he principal ones, however, may be 
covered under the three headings of 
water softening, pH control and steri 
lization. Of these three, water soft 
ening accounts for the greatest quan 
tity and the employment of lime there 
in usually combines all three of the 
uses mentioned 

Of the salts which produce the phe- 
“hardness” in 
water, the ones most commonly found 
are those of calcium and/or magne- 
hese may be divided into two 
general groups: (a) those salts con- 
taining carbonates or bicarbonates, and 
(b) those which do not have carbonate 
or bicarbonate in their composition. 

Hardness in water is classified, 
therefore, as carbonate and non-car- 
bonate. Lime is of value in the removal 
of carbonate hardness only. The car- 
bonates of both calcium and magne- 
sium exist in natural waters. Both can 
be removed with lime, although the 
process of removal of magnesium car- 
bonate is somewhat different from that 
of the removal of calcium carbonate. 

In the North Miami, Florida, water 
treatment plant, no attempt is made to 
remove magnesium since the quantity 
of that element is insignificant. The 
discussion being confined to the oper- 
ation of the plant in North Miami, 
only the use of lime in connection with 


nomenon known as 


sium 


‘ 
’ 
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PULVERIZED quicklime goes from bagged storage via— 


by D. W. JONES 


the removal of calcium bicarbonate is 
discussed. 

Calcium hydroxide, Ca(OQH)s, 
added to water containing calcium bi- 
carbonate, Ca( HCQOsg )»s, causes the fol- 
lowing reaction : 


Ca(OH). + Ca(HCOs).— 


2 CaCO; + 2 H,O 
! 

Che CaCOs is normal calcium car- 
bonate, is insoluble in water, forms a 
milky turbidity, and upon the addition 
of coagulants and the provision of a 
quiescent settling period will sink to 
the bottom of any container in which 
the solution is placed. Whereas the 
calcium carbonate is almost completely 
insoluble, no solid is absolutely insolu- 
ble in water and there will be some 
residual calcium carbonate in the clear 
water after the sedimentation of the 
precipitated material. This usually 
amounts to between 10 and 20 percent 
of the original total. 

At North Miami the alkalinity is re- 
duced from approximately 200 ppm 
in the raw water to approximately 20 
ppm in the softened water. This con- 
stitutes a very satisfactory operation. 

The sludge produced by this reac- 
tion constitutes a considerable item 
and its disposal becomes a major fac- 
tor to be reckoned with in the opera- 
tion of a water softening plant. There 
is no difference in the quantity of 
sludge produced between the process 


sh 
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perintendent, Water Department, North Miami, Fla. 


using hydrated lime and the process 
using quicklime because the chemical 
reaction takes place between calcium 
bicarbonate and calcium hydroxide in 
either event. No detail discussion, 
therefore, of the means necessary to 
dispose of water softening plant sludge 
is indicated other than to point out 
that the problem does exist but is in 
no way affected by the type of lime 
used in the process. 

It might be of interest, however, 
that the calcium carbonate, which con- 
stitutes something more than 90 per 
cent of the total quantity of sludge, is 
simply a finely divided form of lime- 
stone rock and constitutes an excellent 
raw material for quicklime. In some 
plants it is burned and used again in 
the process. An outstanding example 
of this can be found in the water plant 
of the city of Miami, Florida. The ma- 
terial has little if any value apart from 
this except as land fill. 


Process at North Miami 


The water softening process at 
North Miami comprises facilities to 
accomplish the following principal op- 
erations : 


1. Storage and feeding of chemicals. 


2. Provision for chemical reaction 
with water and settling of sludge. 


3. Filtration of the softened water. 


PORTABLE conveyor belt to 
lime 





4. Provision for storage of the com- 
pletely processed water. 

5. Provision for the disposal of the 
sludge produced. 

A discussion of the size and capac- 
ity of the plant is essential to evalua- 
tion of the comparative importance of 
lime as one of the items making up 
the process of water production. Ref- 
erence to Table 1 will show that the 
magnitude of the operation at present, 
or rather during the month of June 
1954 was in the order of 3 mgd aver- 
age production. The ultimate daily ca- 
pacity of the plant is 7.75 mgd and 
there are maximum days at present 
which nearly reach that value. 

To process this average of 3 mgd 
requires approximately 2 tons of pul- 
verized quicklime and slightly more 
than 2% tons of hydrated lime when 
that is used in place of quicklime. The 
cost per million gallons for the mate- 
rial at present prices is $18.20 and 
$21.10, respectively. 

The use of iime in its present form 
was brought about largely by a sudden 
and unforseen change in the water re- 
quirements of the municipality. Dur- 
ing the 20-year period between 1925 
and 1945, the growth of North Miami 
was negligible. The water plant in use 
during that period was a batch-type 
water softening plant with a capacity 
of perhaps, 0.3 to 0.5 mgd. 

In 1946 the first section of the pres- 
ent water softening plant, originally 
intended to provide a capacity of | 
mgd, was constructed. By the time it 
was ready for operation the require- 
ments of the municipality were in ex- 
cess of 1 mgd and modifications were 
made which permitted the expansion 
of the original plant to 2 mgd. At the 
same time, design of the second por- 
tion of the existing plant was started. 

Finally placed in operation during 


‘. ¢ 
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1951, it, together with the first section, 
provides for the present maximum ca- 
pacity of 7.75 mgd. The first section 
of the present plant was designed for 
use with hydrated lime and its opera- 
tion was completely satisfactory. 

The fact that quicklime is consider- 
ably less bulky than hydrated lime and, 
in the form in which it is usually used 
in a water softening plant, consider- 
ably cheaper than hydrated lime, 
caused the plant designers to provide 
in their plans for the present 7.75-mgd 
plant facilities for processing of lump 
quicklime to use as a substitute for 
hydrate in the process. Funds were not 
available for the purchase of the equip- 
ment for the use of the quicklime at 
the time of the construction of the sec- 
ond section of the plant, consequently 
the use of the hydrated lime was con- 
tinued. 

The plant management, being pro- 
gressive and desirous of taking advan- 
tage of all possibilities for improve- 
ment of the product and reduction of 
operating costs, decided to look into 
the possibilities of using quicklime 
without expending funds beyond the 
means of its financial resources. Nor- 
mally the cost of providing storage, 
handling and slaking facilities for the 
use of quicklime is several times the 
outlay required for handling of hy- 
drated lime. 

The advantages of using quicklime, 
however, are considerable. The man- 
agement of the plant therefore con- 
ducted research into ways and means 
of changing to the use of quicklime 
without incurring the heavy expense 
which would have been involved in the 
construction of the quicklime handling 
facilities originally planned. 

It seemed reasonable to suppose that 
the rapidity with which the slaking op- 
eration might take place would be a 
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function of the fineness of the particle 
size of the material being slaked. Con- 
sequently it was decided to try the use 
of pulverized quicklime in the same 
feeding facilities used for handling hy- 
drated lime to determine what modifi- 
cations might be necessary in the slurry 
mixing chamber to provide for effec- 
tive slaking. Accordingly, a small 
quantity of pulverized quicklime was 
purchased and its use was attempted 
without making any changes in the 
feeding and mixing equipment. 

All concerned were amazed to note 
that the operation of the plant with 
the pulverized quicklime, without any 
changes whatever to the facilities pre- 
viously used for hydrated lime, was 
completely satisfactory. A larger quan- 
tity of the material was accordingly 
purchased and the use continued with 
the same completely satisfactory re- 
sults. 

Although the cost of pulverized 
quicklime is slightly more than the cost 
of hydrated lime, the fact that there is 
considerably more calcium oxide pres- 
ent per pound in the pulverized quick- 
lime more than offsets the additional 
cost. This being the case, the cost of 
chemicals per million gallons of water 
is materially less when using pulver- 
ized quicklime than when using hy- 
drated lime. 

At this point it might be well to again 
point out and emphasize the fact that 
the chemical handling and storage 
equipment for use with the hydrated 
lime is identically the same as that re- 
quired for the use of the pulverized 
quicklime. This plant can change from 
one material to the other and require 
no adjustment to the handling devices 
except in the rate of feed of the mate- 
rial. The operator is required to change 
the setting of the feeder since less pul- 
verized quicklime than hydrated lime 
is required per million gallons of 
water. 

This change is a routine matter, 
however, since it is also required when- 
ever a change occurs in the rate of flow 
of raw water. Reduction in alkalinity 
and hardness is identical between the 
two materials and there is no other dif- 
ference involved in the processing of 
the water. There is no effect on filtra- 
tion and no effect on the rate of sedi- 
mentation of the sludge produced by 
the chemical reactions. 

From bagged storage, a portable 
conveyor belt carries the bags of lime 
to an elevated feeder hopper. The dry 
lime is then fed to a slurry pot for 
mixing with city water, the slurry 
being fed through a hose to the water 
softener reaction tank by means of a 
water jet pump operated by city water. 
A small amount of sludge from the 
softening process is returned to the 
slurry pot to prevent scaling of the 
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lime slurry hose, the eductor, and other 
parts in contact with the slurry. 


Conventional Use of Quicklime 


The foregoing discussion of the use 
of pulverized quicklime has made com- 
parisons primarily with hydrated lime. 
Actually quicklime has been success- 
fully used in water treatment for many 
years. It is the purpose of the discus- 
sion in this section, therefore, to pro- 
vide a comparison between the com- 
monly followed procedure of applying 
quicklime with the much simpler 
method needed when it is used in the 
pulverized form. 

[he conventional method of using 
quicklime usually entails its purchase 
in bulk as either run of kiln, graded 
lump lime, pebble lime, or granulated 
lime. The material is normally stored 
in steel or concrete vertical cylindrical 
bins, tightly closed to prevent the pos- 
sibility of becoming wet. 

From the bins it is transported, 
either by conveyor belt or similar 
means, to the hoppers of dry feeding 
machines, from which it is fed to a 
slaker by means of a gravimetric feed- 
ing device (a device in which the con- 
trol is actuated by variation in weight 
of the material rather than volume). 

In the slaker, water is added as the 
mixture is agitated. The quantity of 
water is usually thermostatically con- 
trolled to keep the temperature of the 
mixture within allowable limits. Re- 
tention time in the mixing chamber of 
the slaker should be from 15 to 30 
minutes. At the end of that time the 
slurry produced is pumped to the point 
of application in the water. 

The slurry produced in the slaker is 
used in the same manner as the slurry 
produced in the equipment previously 
described. Normally there is an appre- 
ciable percentage of foreign matter 
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MIXING POT from which lime slurry is drawn 


present in the unslaked lime. This 
foreign matter is rejected in the slaker 
and discharged to waste. The presence 
of a considerable quantity of reject- 
able material in the unslaked lime 
passing through the feeder causes vari- 
ations in the quality of the water being 
treated over which the operator has 
no control. 

Variations in temperature of the 
mixture in the slaker cause variations 
in the available calcium oxide content 
of the slurry, since the slaking reaction 
is not completely uniform at all tem- 
peratures. This in turn affects the qual- 
ity of treated water. 

The foreign matter contained in the 
unslaked lime is frequently abrasive 
and causes deterioration of the me- 
chanical equipment in the slaker as 
well as that used for the handling and 
storage of lime. This not only increases 
the maintenance costs, but also de- 
creases reliability and makes for addi- 
tional serious variations from time to 
time in the quality of the water pro- 
duced. 

The conventional means of storing 
and handling any of the grades other 
than pulverized presents occupational 
hazards which are considerably more 
serious than those involved with either 
hydrated lime or pulverized quicklime. 
This is particularly true in the smaller 
water treatment plants wherein the 
close supervision of safety matters is 
not ordinarily available. 

There have been instances of per- 
sonnel being seriously burned in this 
immediate area by the overflow of the 
slurry froma lime slaking device. Fur- 
thermore, personnel involved in the 
handling of bulk quicklime are sub- 
ject to skin and lung irritations caused 
by dust from the lime and due to fre- 
quent contact between the skin and the 
lime. 


The quicklime is available in the un- 
refined state, either as lump lime or 
run of kiln lime at far less cost than in 
the pulverized condition. In very large 
water softening operations, therefore, 
use of the more highly refined material 
is not economically sound. If it is de- 
sired to take advantage of the much 
more accurate application that can be 
obtained from its use in the pulverized 
state, it would likely be desirable to 
install pulverizing equipment to pre- 
pare the material for use, rather than 
lime slakers. This would permit the 
proportioning of the chemical in the 
pulverized state with consequent much 
more accurate treatment. 

While no actual cost data are avail- 
able at present to determine which 
method would be the most feasible, it 
appears that an investigation of the 
possibilities of such an installation 
would be definitely justified when 
planning for water treatment under- 
takings which would require the use of 
large quantities of lime. 

For plants of the size and lime con- 
sumption rating of that at North 
Miami and smaller, it is believed that 
the use of the pulverized quicklime is 
more desirable than quicklime in other 
forms and considerably more econom- 
ical, as well as desirable, than the use 
of hydrated lime, even in plants as 
small as those used in soft drink bot- 
tling establishments. 

Operators report that quicklime 
pulverized and furnished in paper 
bags, such as is the case in the North 
Miami plant, is easier to handle and 
causes less irritation to the person than 
the hydrated lime previously used. The 
quicklime is somewhat heavier, par- 
ticle sizes are a little greater, and the 
amount of dust produced is very much 
less than is the case with hydrated 
lime. 
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EDUCTOR to softener reaction tank 


Advantages of the Process 


Some of the advantages claimed in 
connection with the use of the process 
previously described are as follows: 

1. Advantages in connection with 
water softening: 

(a) Brings about a reduction in 
cost of chemicals as compared to hy- 
drated lime. 

(b) Reduces the amount of chemi- 
cal storage space required as com- 
pared to hydrated lime. 

(c) Reduces the amount of dust 
generated in handling and thereby re- 
duces the health hazard to personnel, 
involved in use of hydrated lime. 

(d) Provides for much more ac- 
curate proportioning of chemicals to 
water than is possible with other 
forms of quicklime which require 
slaking before being used. 

(e) By elimination of slaking, one 
of the most troublesome items of 
equipment involved in the use of 
quicklime in water softening is also 
eliminated, thereby improving the uni- 
formity of the quality of the finished 
water and materially decreasing the 
risk of shutdowns of the softening 
plant. 

(f) By elimination of slaking there 
is also eliminated an occupational haz- 
ard caused by occasional overflow of 
hot lime slurry at a temperature suf- 
ficiently high to cause serious burns. 


2. Advantages in connection with 
other uses of lime: 

All of the advantages enumerated 
in connection with water softening 
also apply to any process where lime 
of purity comparable to that used in 
water softening is used in slurry form, 
such as: 

(a) Preparation of saturated lime 


water. 

(b) pH adjustment of water. 

(c) Manufacture of paper. 

(d) Processing of certain types of 
prepared foods. 


Summary 

The water softening operation at 
the North Miami plant originally in- 
volved application of hydrated lime 
to hard well water in carefully pro- 
portioned amounts in a mixing tank 
wherein the resultant sludge is par- 
tially separated and from which the 
water is allowed to pass to sand filters, 
thence to storage tanks and the dis- 
tribution system. This process has 
been in widespread use for many years 
and involves nothing new or unusual. 

In many larger water softening 
plants quicklime has been substituted 
for hydrated lime because of its great- 
er activity per pound and because it is 
less expensive in the form in which it 
is usually marketed. In order to use it 
successfully, however, it is necessary 
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to pass it through a slaking process 
and to sacrifice considerable accuracy 
in proportioning thereby. A much 
larger investment is required in stor- 
age, handling, feeding and slaking 
equipment than is the case when using 
hydrated lime and the skill level of the 
operating personnel must be consider- 
ably higher. These factors account for 
the fact that the use of quicklime is 
usually confined to plants using more 
than North Miami. 

A method has been discovered and 
applied at North Miami of using 
quicklime in the pulverized form, 
which eliminates the necessity for 
slaking and preserves all the advan- 
tages hydrated lime has over quick- 
lime, plus certain additional advan- 
tages. While the cost per ton of the 
material is more than for hydrate, be- 
cause of its greater activity per pound 
it costs less per unit of water treated 
and requires no additional investment 
for storage, handling, feeding or slak- 
ing equipment. 





TABLE 1 
Operating Data for Water Softening at North Miami Plant 





Operation With 


Hydrated 
Lime 


Pulverized 
Quicklime 





Period of test 


Total water production, mg..................--..---- 


Chemicals used, Ib per mg: 


Sodium silicate 

Sulfuric acid 
Cost of lime, $ per ton 
Cost of lime, $ per mg water......... allie ; 
Chemical analysis of lime: 


June 1952 
90.785 


June 1954 
90.456 


1,305 


Te ee eee 


Calcium hydroxide (Ca(OH) .), 


Magnesium oxide (MgO), %..............-.-- 


Aluminum oxide (Al,0;), % 
Silica (SiO,), % 
Iron oxide (Fe,O;), 
Calcium carbonate (CaCO;), % 
Moisture and CO,, 

Sieve analysis: 
Passing 20—mesh screen, % 


Passing 50—mesh screen, %.............--... 


Passing 100—mesh screen, % 





Partial analysis of water: 


Item 


Alkalinity, phenolphthalein¢ 
Alkalinity, methyl orange 
Total hardness 

Chloride, as ppm CI- 


Treated 


Raw Water After Aeration Tap 


Water> 
10.0 


20.0 
80.0 


Plant 2 


0.0 
207 200 
252 252 

52 81 

7.2 7.2 


Mixture 


0.0 


Plant 1 


9.4 





* Calculated 
» Mixture of 1 and 2 
* As ppm Ca CO; 
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TURBIDITY gets cut from 1500 to less 


than 5 ppm in this Precipitator. Mt. 
Carmel, Ill. Cons. Eng.: Warren & Van 
Praag, Inc. 


30 PPM IRON gets cut to 0.14 ppm in 
Aerator and Precipitator . . . even be- 
fore filtration! Fairless Hills, Pa. Cons. 
Eng.: H. H. Le Van, Jr. 


AUTOMATIC CONTROLS backwash, 
regenerate, rinse and return Softeners 
to service. New Smyrna Beach, Fla. 
Cons. Eng.: Russell & Axon. 
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SEA WATER saves $32,980 per year 
over salt for regenerating Softeners. 
Hollywood, Fla. Cons. Eng.: Reynolds, 
Smith & Hills. 


—_— ‘ 
269 PPM HARDNESS is removed by 
these automatic Softeners. Aerator and 
Filters cut iron. Martinsville, Ill. Supt.: 
O. Wiser. 


OLD SETTLING BASINS house these 
modern Precipitators that boost capac- 
ity. North Kansas City, Mo. Cons. 
Eng.: C. A. Haskins. 








ne ee 


HARDNESS TESTER (left) initiates regeneration by Automatic Controls 


(right). This new Permutit plant, with Q resin, softens 72% more water— 
using same manpower, less salt! E. Aurora, N. Y. Village Eng.: E. J. Maurer. 


Why these cities chose 
PERMUTIT’ wafer conditioning 


Some chose Permutit for its world-known 
engineering experience gained through 
thousands of installations covering every 
major development in clarification, filtra- 
tion and softening equipment. 

Others chose Permutit to get complete, 
integrated service: the water-analysis 
labs, engineering, equipment, controls, 
ion exchange resins—all from one source, 
under one responsibility. 


But most of the designers of these 
plants chose Permutit because they have 
personal knowledge of many installations 
where Permutit equipment has given 
long years of efficient, trouble-free per- 
formance. They know that’s what pays 
off in the long run. 

Write for Technical Bulletins. The 
Permutit Company, Dept. W-57, 330 
West 42nd St., New York 36, N. Y. 


SOFTENERS + ZEOLITES and RESINS * AUTOMATIC CONTROLS + GRAVITY FILTERS * PRESSURE FILTERS 
PRECIPITATORS * CHEMICAL FEEDERS * AERATORS * SWIMMING POOL SYSTEMS « IRON REMOVAL EQUIPMENT 


SOFTENER CAPACITY TRIPLED and 
$7,000 yearly saved on salt by change 
from zeolite to Permutit Q. Normal, IIL. 
Cons. Eng.: Farnsworth & Conley. 


TRIPLE TROUBLE! 275 ppm hardness, 
200 ppm alkalinity, 3 ppm iron are re- 
duced by this Precipitator. Staples, 
Minnesota. Supt.: E. H. Klang. 
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Water Without Minerals 


Asst. Chief Chem. Engr., Cons 


N WHAT is believed to be the 
largest plant of its type ever built, 
demineralizing of 2,500,000 pounds 
ot water an hour was the unusual 
problem successfully solved by power 
engineers in one of New York City’s 
major steam-electric generating sta- 
tions 
Steam and electric power for most 
of the buildings in the city’s midtown 
skyscraper district is supplied by the 
Waterside station of Consolidated 
Edison. The recently modernized 
plant—right next door to the big 
United Nation’s Secretariat building 
has a capacity of 658,200 kw and 
6,460,000 pounds of steam per hour 
at 1400 to 1710 psi and 950°F.) 
\ll steam passes through six top- 
ping turbines discharging at 200 psi. 
\s much as 1,800,000 pounds per 
hour of this steam feeds into the sky- 
scraper heating systems. This process 
returned and must be 
makeup water. Blow- 
blowing and _ incidental 


steam is not 


replaced by 


down, 


soot 


by |. B. DICK 


losses increase the amount of makeup 
water needed so that Waterside sta- 
tion’s total requirements equal nearly 
2,500,000 pounds per hour. This raw 
water comes from New York City’s 
Croton and Catskill reservoirs, which 
have silica contents of 6.3 and 2.4 
ppm, respectively. 

Silica concentration, which in the 
past was around 30 to 35 ppm in the 
boilers, fouls the condensing turbines, 
requiring caustic washing of each 
every 4 to 6 weeks. This silica foul- 
ing increased generating costs 
through decreased turbine efficiencies 
and capacities ; increased outage time 
and increased boiler blowdown, 
which wasted valuable heat, water 
and chemicals. With the zeolite 
softening equipment formerly used 
to treat makeup water, 6 per cent 
boiler blowdown required to 
maintain the dissolved solids content 
of the boiler water at less than 200 
ppm. 

Preliminary studies revealed that 


was 


“ 


idated Edison Co., New York 


the savings in operating costs realized 
by demineralizing the water justified 
a considerable capital investment for 
water treating equipment. This held 
true even though some savings in op- 
erating costs from silica-free water 
would be partly cancelled by the in- 
creased treatment costs of the make- 
up water. 

Added to the problem of removing 
silica from 2,500,000 pounds of water 
per hour was the need to cope with 
a space problem. To keep pace with 
New York's expanding demand for 
power, the Waterside station has un- 
dergone many modernization pro- 
grams. These programs have been so 
extensive that little remains of the 
original station except the shell—and 
even that has had its roof raised. 
Hence, space is at a premium and 
was a decisive factor in the selection 
of mixed-bed demineralization equip- 
ment. 

Studies by Consolidated Edison’s 
chemical engineers proved that evap- 


THE WORLD'S largest mixed-bed demineralizing piant conditions water for steam-electric generation. 
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oration of the makeup water would 
be impractical and that ion exchange 
methods offered the only hope of 
solution. Pilot plant studies revealed 
that strong-base anion resins, when 
intimately mixed with cation resins, 
would remove silica to extremely low 
residuals. The studies also indicated 
that the two-bed demineralizers 
would also remove silica, but re- 
quired more space, which was not 
available. 

The solution to the problems was 
found in the use of the mixed-bed or 
monobed demineralized*. Six 11-foot 
diameter mixed-bed units, each rated 
at 1,000 gpm, with automatic controls 
and necessary pumps, tanks and pip- 
ing, were installed on steel platforms 
under the roof and in a corner of 
the turbine room. 

The first four units were started 
up in August 1954; the complete 
plant went into operation two months 
later. Because no data were available 
on the performance of mixed-bed de- 
mineralizers on New York City 
water, a small pilot unit was operated 
for a year and a half prior to starting 
the first units of the full-scale plant. 


Results of Pilot Studies 


Experience gained from the 
mixed-bed pilot plant studies resulted 
in a change of one of the resins, the 
development of a photoelectric colori- 
meter, and a change in regeneration 
procedure. During these tests, it was 
discovered that conductivity does not 
always break before silica ; therefore, 
silica tests are necessary to determine 
bed exhaustion. 

To permit rapid removl of an ex- 
hausted unit from service, it was de- 
cided that silica tests should be run 
by the operators at the plant site in- 
stead of by chemists in the labora- 
tory. Unfortunately, commercially 
available colorimeters with the re- 
quired sensitivity were unsuited for 
use outside the laboratory, but the 
staff successfully developed its own 
rugged colorimeter, which measures 
silica content down to 0.01 ppm. The 
studies also proved that when de- 
mineralization capacity is lost, pre- 
sumably due to organic fouling, it 
can be restored by continuing caustic 
injection and rinse cycles of regener- 
ation until the rinse is free of chlo- 
rides. 

The plant design, amended by the 
results of the pilot plant studies, was 
proven to be amazingly satisfactory. 
It was so easily put into service that 
Consolidated Edison engineers con- 
tinually expected major troubles tc 
develop. They never did. Moreover, 


*Developed and manufactured by IIl- 
inois Water Treatment Co. 


the plant has consistently produced 
water with a silica content less than 
0.02 ppm and a conductivity averag- 
ing a little better than one micromho. 

The water first passes through 
four hydrogen zeolite softeners op- 
erated in series. These softeners were 
part of the old split-stream zeolite 
softening plant installed in 1940 as 
the largest carbonaceous zeolite soft- 
ening plant in the world. They were 
retained to permit the removal of bi- 
carbonates by degasification rather 
than anion exchange, to filter raw 
water, and to remove calcium—there- 
by preventing calcium sulfate fouling 
of the mixed-bed units. 

From the softeners, the water is 
pumped through two decarbonators 
and then flows by gravity to rubber- 
lined wet wells. From wet wells the 
water is pumped through the mixed- 
bed units to a bituminous coated 
storage tank. The mixed-beds are 
operated in parallel at full capacity, 
with units pulled in or out of service 
according to makeup requirements. 
Unlike cation softeners, these units 
can be taken out of service and then 
returned to service without any im- 
pairment of water quality. 


Centralized Controls 

Supervision of the entire triple- 
decker plant is centered in one small 
nook which includes the instrument 
panelboard, sampling table, and co- 
lorimeter for silica determinations. 
Regeneration of the beds may be 
done in any one of three ways: 

1. Automatically with manual ini- 
tiation. 

2. Semi-automatically through re- 
mote manual pushbuttons on the 
panelboard. 

3. Manually by means of hand- 
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wheels at the valves. 

By the first method, the operator, 
upon checking silica or being warned 
by the conductivity recorder, merely 
presses a pushbutton to initiate the 
regeneration cycle. At the completion 
of the cycle the unit is returned to 
service or held in standby, depending 
on the setting of a selector switch. 

The second, or semi-automatic, 
method permits the operator to stay 
at the panel but still open and 
close valves, start and stop pumps, 
and regenerate the beds manually 
by pushing buttons on the panel. 
The hydrogen zeolite softeners are 
not provided with automatic con- 
trols; hence, the instrument panel is 
located near them to permit one op- 
erator to supervise the entire plant. 
Without automatic controls, probably 
three operators would be needed per 
shift due to the three-level layout. 

The third, or manual, procedure is 
more of an emergency method. When 
any of the equipment must be taken 
out of service, the necessary valves 
can be closed or opened manually 
and there will be no chance of acci- 
dentally opening a valve from the 
panelboard. 


Instrumentation 


Because of close quarters the in- 
strument panelboard is greatly con- 
densed. Across the top of the panel 
are six flow recorders with Minneapo- 
lis-Honeywell electronic integrators. 
These are electrically connected to 
meter bodies measuring the flow of 
softened water to each of the six 
mixed beds. Lights below each of the 
flow meters indicate when a bed is ex- 
hausted, when it is under automatic 
control, and whether it is on standby 
or in service. 


METER bodies electrically connected to control panel. 


no 
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CENTRALIZED instrument panel handy to the sample table. 


I 


Electronik potentiometer re- 
indicates the pH of the 


A 


d water. It is equipped with an 


switch, which actuates a red 
to warn of low pH. All the 
lights are in the middle of the 
» chart recorder below the 
lights and pushbuttons alter 
records the conductivity of the 
fluent each of the six beds 
lwo alarm switches sound a horn 
nd light a signal under the flow re- 
corder for a mixed bed when the bed 
rs exhaustion. The conductivity 
end point is then supplemented by 
silica determinations. 
Other instruments record and con- 
| the flow of regenerants and rinse 
vater. A temperature controller un- 
der No. 5 flow recorder pneumatical- 
ly positions a steam valve on the 
ustic regenerant line. It was found 
ssary to heat the caustic solution 
or greatest efficiency, and this is 
done by steam injection. A non-indi- 
iting on-off temperature controller 
mounted behind the panel serves as a 
high temperature cut-off and actu- 
ites a second valve to shut off the 
steam at the excessive temperatures 
that would result from failure of the 
system. This high-limit safety 
ntrol insures the ion exchange res- 
ns against damage from overheating. 
\ ratio flow controller measures 
the flow of water and controls the 
flow of 50 per cent caustic solution 
to maintain the predetermined con- 
centration to the mixed bed. The 
steps of the regeneration cycle are in- 
dicated bv lights below the red alarm 
lights. They include the following: 


trip 


1rom 


fir st 
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Start regeneration 
Drain 
Backwash 
Settle 
Regenerate 
Drain 
\gitate with air 
Fill and vent air 
Settle 
10. Rinse 
\fter regeneration is completed, a 
unit is either automatically returned 
to service or held in standby. 


Regeneration Cycle 


Regeneration takes about four 
hours and consumes about one per 
cent of the treated water produced 
on a run. While the quantities of 
regenerant chemicals are presently 
excessive, they will eventually be re- 
duced as much as 30 per cent. Cur- 
rently the costs of regeneration are 
about $7.00 per 1,000,000 pounds of 
water or $0.0583 per 1,000 gallons. 
The Illco-Way design permits both 
acid and caustic regeneration simul- 
taneously. This is a big factor in 
saving time. 

If the regeneration steps are 
started manually from the board in- 
stead of automatically, they must be 
taken in sequence; pressing the but- 
ton for any particular step automatic- 
ally cancels the preceding steps. Also, 
no more than one bed can be regener- 
ated at a time. A non-indicating con- 
ductivity measuring device deter- 
mines the end point of regeneration 

Water for regeneration is required 
at three different rates. This is 
achieved by means of a single con- 
troller in a unique hook-up. One flow 


recorder is equipped with a Fixed 
Indexet mechanism by which it is 
possible to change the control index 
setting of the recorder by changing 
the air pressure on the bellows. The 
150 per cent proportional band con- 
trol unit, also included in the instru- 
ment, positions a diaphragm motor 
valve controlling the flow of dilution 
water to both the acid and caustic 
regenerant systems. Three parallel 
air lines are connected to the Indexet 
mechanism, Each is equipped with 
@ pressure regulator followed by a 
three-way motorized valve. 

Each valve either bleeds air to the 
atmosphere or applies the air pres- 
sure in its line to the mechanism. 
The three regulators are set to ob- 
tain the desired pressures on the In- 
dexet unit, which in turn sets the de- 
sired set point on the flow controller. 
Each valve is energized in turn to 
sequence the three flow rates. The 
fastest rate is used for backwashing. 
A rate at about one-half that for 
backwashing is used for injection of 
the regenerants. This rate is applied 
to the caustic feeding system and 
measured by the caustic recorder, 
which in turn regulates the rate of 
50 per cent caustic feed. 

Acid feeding rates are obtained 
differently. Dilute acid is pumped to 
the bed from a tank at a constant 
rate. Meanwhile, concentrated acid 
is pumped to the tank—first slowly, 
then at a faster rate. Dilution water 
is taken from the line carrying hy- 
drogen zeolite treated water by a 
float-actuated level control valve. 
This system obtains the desired re- 
sults with the minimum of equip- 
ment. It represents excellent and 
clever engineering design, since flow 
rates and material balances were 
quite complicated to establish. 

The third rate of flow of water for 
the regenerating cycle is a very slow 
rate applied for a brief period to 
vent the bed of air after the mixing 
step. 


Results Are Gratifying 


Since the demineralizers have been 
installed, the silica content of make- 
up water has been reduced from 1 to 
2 ppm to 0.01 ppm and the silica 
content of the boiler water is being 
correspondingly reduced. Since the 
steam condensate system has been 
high in silica since 1938, it is taking 
time to eliminate the silica that has 
accumulated over the intervening 
years. Nevertheless, it has been pos- 
sible to reduce continuous blowdown 
substantially. In addition, since tur- 
bine fouling has diminished, cleaning 
schedules have been lengthened and 
the situation continues to improve. 





Iron and Manganese Removal 


irector, Water 


HE TECHNICAL LITERA- 
TURE on water treatment con- 
tains many articles on iron and 
manganese removal. The subject is 
about 100 years old. Yet despite its 


*Presented at the Annual Water Confer- 
ence, Engineers Society of Western Penn- 
sylvania, Pittsburgh, Pa. 


by S. B. APPLEBAUM 


vision, Cochrane Corp., Pt 


Treatment Di 


antiquity there has been evidence, 
even of late, of differences of opinion 
when those skilled in the art are con- 
fronted with a specific iron and man- 
ganese removal problem. It is, there- 
fore, the purpose of this paper mainly 
to explore these differences and to 
show how they may be resolved by 
pilot plant testing, using as an exam- 





ple the case of a large iron and man- 
ganese removal plant at Jamaica, N.Y. 

Well waters are often preferred to 
surface supplies because of their 
greater clarity and lower tempera- 
tures. However, when the well water 
contains more than about 0.2 to 0.3 
ppm of iron plus manganese, these 
impurities come out of solution in the 


ONE SIDE of pressure filter installation for iron and manganese removal at Jamaica Water Supply Co. 
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form of brownish to purple colored 
precipitates, which cause many trou- 
bles to industrial and household users. 

These troubles may be briefly sum- 
marized as follows: 


1. An astringent metallic taste is 
imparted to the water. 

2. In industry, discoloration of pa- 
per, textiles, ice, leather and all the 
other processed manufactured 
products takes place. 


wet 


the household, stains form 
on porcelain basins, bathtubs, glass- 
ware and dishes, as well as the laun- 


3. In 


dry wash 


+. For cooling water, not only do 
the precipitates clog piping, but the 
iron stimulates the growth of certain 
plankton such as Crenothrix, which 
form slimly stringy deposits in the 
cooling towers, piping and heat ex- 
changers. 

5. Today, in the rapidly growing 
field of demineralization for high- 
pressure boiler plants, iron and man- 
ganese foul the ion exchange resin, 
so that their removal in pretreatment 
plants is essential to protect the high 
investments in these plants. 


Chemistry of Treatment 


In general, there are two main 


forms of treatment, as follows: 


1. Those involving oxidation re- 
actions 

(a) Aeration, with or without set- 
tling and finally followed by sand 
filtration 

(b) Filtration through manganese 
zeolite 

2. lon exchange without oxidation, 
combining water softening with the 
iron removal. 


lhe chemical reactions are given in 
lable l. 

In the usual oxidation reaction ac- 
complished by aeration (in the case 
of iron as given in Eq. 1), the ferrous 
bicarbonate, which is the prevailing 
form present in well water, is oxi- 
dized by the oxygen added to form 
ferric hydroxide precipitate and free 
carbon dioxide is liberated. 

In the case of the manganese zeo- 
lite, which, in fact, was developed 
about 50 years ago’ in Germany to 
with high manganese rather than 
it is produced in the following 
manner 

Sodium zeolite is first treated with 
manganous chloride or sulfate to con- 
vert it to manganous zeolite (see Eq. 
2). Then it is treated with potassium 
permanganate to form manganic ox- 
ides in the zeolite (see Eq. 3). These 
higher oxides give up oxygen gradu- 
ally as required to oxidize the man- 
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Fig. 1—PILOT PLANT flow diagram, showing connections of chemical feeders and 


controls. 


ganese in the water which is filtered 
out by the zeolite bed (see Eq. 4). 
Periodically the bed must be re- 
oxidized or regenerated by perman- 
ganate or other oxidizing reagents to 
restore the higher active manganic 
oxides. These regenerations are ob- 
viously expensive. 

If the water contains much more 
iron than manganese it is desirable as 
well as economical to remove the iron 
first by aeration and sand filtration, 
leaving the more difficult manganese 
removal to be accomplished by the 
manganese zeolite. This is not only 
true for manganese zeolite, but Wiet- 
ers? also recommended it as well for 
sand filter plants. 

The non-oxidizing ion exchange 
reactions merely involve exchanging 
ferrous iron and manganous man- 
ganese in the water for the sodium of 
sodium zeolite simultaneous with the 
usual water softening (see Eq. 5). In 
fact, the iron and manganese continue 
to be removed even after the hard- 
ness begins to break through. This 
process has been used successfully for 


fairly soft waters, even containing 
over 50 ppm of iron. 


The only precaution necessary is 
that no dissolved oxygen enters the 
water before the zeolite bed. Even if 
some dissolved oxygen is sucked in 
at the suction of the well pump, it 
causes ferric hydroxide precipitates 
to foul the zeolite and this stops the 
ion exchange reactions. 


This method has found application 
in many municipal and industrial 
plants when water softening is desired 
at the same time as iron removal. 
However, where iron and manganese 
removal alone without softening is 
desired (as was the case at Jamaica, 
N.Y.) only the oxidation methods are 
considered. 


Factors Influencing the 
Oxidation Reaction 


The speed of the oxidation reaction 
determines the complexity and, there- 
fore, the first cost of the iron removal 
equipment required in any given case. 





TABLE 1 


Chemical Reactions in Iron and Manganese Removal 





Reaction 


Equation Eq. No. 





Oxidation* 


Preparation of manganese zeolite 


4 Fe(HCO,) + O02, + 2H,0 — 4 Fe(OH); + 8CO, 
Na,O.Z + MnCl, - MnO.Z + 2NaCl 


MnO.Z + 2KMnO, — K,0.Z * MnO.Mn,0, 


With manganese zeolitet 


K,0.Z e MnO.Mn,0, + 2Mn (HCO, ) a= 


K,0.Z ¢ 5MnO, + 4CO, + 2H,0 


lon exchange without oxidation 


Na.Z + (Ca) © (HCO;).— (Ca) Z + 2NaHCO, 
(Mg) 
(Fe) 
(Mn) 


(Mg) 
(Fe) 
(Mn) 





*Using ferrous bicarbonate as the example. 
+Using manganese bicarbonate as the example. 
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Fig. 2—OPERATING CYCLE of wash, rinse and filter 


This speed is influenced by a number 
of factors which should be briefly 
discussed, as follows: 


1. Well waters containing high al- 
kalinity and high total dissolved 
solids are rapidly oxidized. Such wa- 
ters, as in the case of Mid-Western 
wells, when freshly drawn from the 
well pump show rapid formation of 
first a milkiness and then soon there- 
after the usual yellow to brown iron 
hydroxide precipitates. However, 
along the Eastern seaboard wells are, 
as a rule, lower in alkalinity and total 
solids and the oxidation reaction is 
much slower. 

2. pH value is important. Iron hy- 
droxide precipitates are most rapidly 
and completely formed at a pH range 
of 7.0 to 9.0. Manganese, on the other 
hand, calls for a higher optimum pH 


of 8.5 to 10.0. Therefore, if the well 
water has too low a pH value the addi- 
tion of lime or soda ash is required. 

If the well water contains high free 
COz which depresses the pH value, 
the use of atmospheric open aerators 
or closed forced draft aerators is in- 
dicated to remove some of this CO, 
first to save some of the alkali later 
added. 

3. Organic matter present, as in the 
case of well waters in swampy re- 
gions, inhibits and slows down the 
oxidation reactions. Such organic 
matter must then be removed by pre- 
chlorination. 


Contact Filters or Solids Contact 
Reactors Preceding Final Filters 


Where inhibiting factors are pres- 
ent or when the amount of iron and 





TABLE 2 


Summary of Bids on Iron and Manganese Removal at Jamaica, N. Y. 





Bidder 


Type of Equipment 


Bid,* $ 





A Manganese zeolite pressure filters (4.5 gpm per sq ft rate), 


also lime feed (20 psi loss of head) wae 


78,700 


B Double-deck lava and sand filters (4.5 gpm per sq ft rate), 


also soda ash feed, compressors for 134 cfm 


139,000 


Cc Open aerator, gravity filters, lime feed, and high-service pumps 
($6,000) . To this must be added the estimated value of 


concrete containers ($50,000) 


D Single pressure filtration (5 gpm per sq ft rate) 
D, Single pressure filtration (4 gpm per sq ft rate) 


111,000 
46,800 
65,650 





*1949 bid; increased by 10 per cent escalator (where necessary) to put all bids on the same firm basis. 





R-227 


manganese present is relatively high, 
the use of single filtration alone would 
result in high pressure losses and too 
frequent backwashing. In such cases 
the use of contact filters or solids con- 
tact reactors is indicated. These re- 
move part of the iron and then the 
final filters finish the removal. 

Contact filters employ coarser filter 
particles than the final filters. There 
is, therefore, more space between the 
particles for the storage of precipi- 
tates without causing such rapid build- 
up of pressure losses. Also, the pre- 
cipitates in the contact filters act as 
catalytic agents to speed up the oxida- 
tion of the iron and manganese. 

Various materials are employed in 
the contact filter beds such as pyro- 
lusite®, coke, lava‘, calcite, and (main- 
ly) gravel or coarse sand. 

Settling basins, or preferably solids 
contact reactors, are justified if the 
amounts of iron and manganese are 
so high that even the contact filters 
would be overloaded and cause too 
high a head loss and too frequent 
backwashing. 

Moore, at Harvard University, 
made some research studies® with a 
solids-contact laboratory unit proving 
the efficacy of synthetically prepared 
sludge for this purpose. 

However, contact filters have two 
advantages over settling tanks as 
follows: 

1. Lower initial cost. 

2. Contact filters can be made in 
the form of pressure units so that re- 
pumping is avoided. 

With this brief review of the fac- 
tors influencing the design of iron and 
manganese removal plants in general, 
we may now proceed to a discussion 
of the Jamaica case. 


Jamaica, Long Island 


As Hobson and Ley pointed out in 
1950®, the Jamaica Water Supply 
Company draws its supply from a 
number of wells then delivering about 
67 mgd. 

These wells were not all located at 
one spot, but were dispersed to obtain 
maximum yield as well as to facilitate 
their most economical connection to 
the distribution system. 

The well waters proved an eco- 
nomical and suitable water supply in 
most respects. The hardness was not 
excessive, so that water softening was 
not compulsory for this municipal ap- 
plication. However, iron and man- 
ganese were present in excessive 
amounts in some of the wells, causing 
complaints by the consumers. There- 
fore, a number of water treatment 
plants were found necessary. In the 
past different types of equipment were 
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installed at two of the stations: 


1. At Station 6, a 5-mgd plant con- 
sisted of a gravity plant with open 
atmospheric aeration, chlorination, 
settling and filtration through gravity 
filters containing a 27-inch deep sand 
bed. This involved a secondary high- 
lift pumping station after the water 
treatment plant. 
2. At Station 18, a 2-mgd plant 
consisted of a pressure plant without 
repumping, but the individual filters 
were combination units containing a 
contact roughing filter of coarse lava 
in an upper deck and a final finishing 
filter containing a mixture of sand 
and calcite in the deck. This 
plant was described by Ley in a pre- 
vious article*. Compressed air was dis 
tributed continuously through a per 
forated pipe system inside each unit 
just below the lava contact filter deck, 
bubbling up through it counterflow to 


the 


lower 


water 


for which this 
and manganese removal 
was to be built had four wells 
yme distance apart. However, instead 
building separate plants at each 
ll it was decided to install a central 
ant of 5-mgd capacity to treat the 
nbined output of the wells 
Che combined raw water was clear 
id colorless, but had the following 
chemical analysis: 


w project, 


woNn 


rage 


Constituent Conc., 


ppm 
[otal hardness (as CaCOg,) 118 

M.O. alkalinity (as CaCO,) 82 

Free CO. (as COs 18 
Chloride (as Cl) 11.8 
[ron (as Fe) 0.64 
Mar nese 0.22 


as Mn) 


\ specihcation written invit 
g bids on iron and manganese re- 
noval equipment for 5-mgd capacity 
the sum of the Fe and Mn 
ppm to under 0.2 ppm 


was expressed for pres 


was 


to reduce 


trom U.s6 
Preference 
its to avoid repumping, and 
10 psi pressure with 


Sure 
l 


‘ 1 
re now. oni 
ly one backwashing daily, but alter 
ate proposals were allowed if other 


types were justified 


When this specification was re- 
ceived the author’s company felt that 


C1 


would suffice. How 

it was decided that it might be 
advisable to investigate and prove that 
the desired results could be obtained 
by such a simple type of single filtra- 
tion preceded by pressure aeration, in- 
jecting small quantities of chlorine 
and compressed air directly to the 
common inlet together with injection 
of lime under pressure if pH adjust- 
ment was needed. Such an investiga- 
tion seemed all the more necessary in 


tration 
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Fig. 3—NORMAL FLOW through the eight pressure filters comprising the iron and 
manganese removal plant serving five wells of the Jamaica Water Supply Company 


this case because of the fact that pre- 
vious designers had apparently found 
that the more elaborate types of treat- 
ing equipment described had been jus- 
tified for other wells in Jamaica. 

Therefore, it was decided to install 
a pilot plant at the site consisting of 
two 12-inch diameter pressure filters 
to act in series, one with 1.0-mm effec- 
tive size coarse sand to act as a rough- 
ing contact filter and the other with 
0.5-mm finer sand to act as a final 
filter. In addition, a hypochlorite 
feeder to inject Cl, a lime feed, and 
an air compressor and receiver were 
included. Thus there was available all 
the equipment needed to answer the 
following questions : 


1. Is contact filtration ahead of 
final filtration necessary, as was pre- 
viously installed at Station 18? 

2. If single filtration suffices what 
rates of flow in gpm per sq ft of filter 
area would give the desired results 
with no more than 10 psi loss of pres- 
sure in 24 hours? 

3. Is chlorine addition, plus lime 
addition for increase in pH value, 
necessary for iron and particularly 
manganese removal, and if so what 
pH values are optimum? 

Fig. 1 shows the pilot plant set-up. 
Che results obtained may be sum- 
marized as follows: 


1. Single filtration through a 15- 
inch depth of 0.5-mm sand at a rate 
of 5 gpm per sq ft gave the desired 
results and within the desired loss-of- 
head limit. 

2. Prechlorination was helpful but 
not essential. 

3. Injection of air was necessary if 
prechlorination was not used. 

4. Addition of lime and increase of 
pH above 7.1 was not needed for 
reduction of iron to less than 0.03 
ppm, but increase of pH value to 
about 8.3 was required for reduction 


of manganese to figures as low as 0.02 
ppm. 

When bids were received it was 
found that there were four bidders, 
each of which bid on a different type 
of treatment plant. These bids, for 
the equipment not erected, are sum- 
marized in Table 2. 

The award was made to Cochrane 
Corporation on bid D,. The decision 
to use the 4-gpm per sq ft rate was 
based on the desire to have a greater 
factor of safety in avoiding excessive 
pressure losses. 

The plant finally installed consisted 
of the following units: 

1. 8 pressure filters, 12 ft in diame- 
ter by 5 ft high with 15-inch depth of 
0.55-mm (effective size) sand rest- 
ing on several layers of different 
sizes of gravel of 20-inch total depth. 

2. Rotary surface washers. 

3. Lime tank 9 ft in diameter by 
5 ft high and two volumetric recipro- 
cating pumps for lime injection. 

4. A pressure aerator 5 ft in diam- 
eter by 6 ft high with two air com- 
pressor and receiver sets. This was 
enough for injection of the small 
amount of air (24 cfm each) into the 
common inlet to oxidize the iron and 
manganese. Controls consisted of 
Fischer & Porter Flowrator and 
Moore differential flow controller. 

5. Filter valves consisting of hy 
draulic cylinder-operated gate valves 
controlled manually by a pilot disc 
valve on each unit, which had the four 
operating positions marked on it. The 
operator turns this pilot valve by a 
small hand lever to the four positions, 
one after the other, and the pilot valve 
opens and closes the correct large 
gate valves in the right order auto- 
matically. Fig. 2 shows these four 
positions. 

6. Individual unit Bailey rate-of- 
flow meters with flow nozzles, pres- 





sure gauges and a backwash rate of 
flow meter. These constituted the in- 
strumentation. Fig. 3 shows a plan of 
the entire plant. The photo shows a 
battery of four filters on one side of 
the aisle. 


Results Since 1950 

The plant was started in January 
1950. In the period from then until 
August 30, 1955, the following oper- 
ating results were obtained! : 

1. 8,925 mg of water were treated. 

2. Another well was added and the 
plant is now operating at a 3,200- 
gpm average and 4,500-gpm maxi- 
mum. The latter is 6.5 mgd, or a rate 
of 5.0 gpm per sq ft instead of the 
initial rate of 4 gpm per sq ft based 
on 5.2 mgd (3,600 gpm). 

3. The usual treatment consists of 
adding about 10.5 ppm of lime to 
maintain a pH of 7.5. 

4. The iron and manganese in the 
combined raw water varies with the 
wells used. The following gives the 
maximum in the incoming influent 
and the usual iron and manganese in 
the effluent. Some of the five wells 
have over 1 ppm present, but they are 
diluted to about one half this value 
by the other wells. 


Combined 
Raw Water E ffiuent 
Iron, ppm as Fe.... 0.74 0.02 
Manganese, ppm 
as Mn 


0.23 0.03 


Total .. 0.97 0.05 

5. Backwashing is required about 
once in 32 hours for each unit and 
the loss of head at the end of the run 
is about the same as in 1950, when 
the plant started, or 7 psi. 

6. Air is added continuously. 

7. Chlorine is added continuously 
into only one of the five wells to oxi- 


dize some odorous organic matter 
present. Then a little ammonium 
chloride (5 Ib per day) is mixed and 
added with the lime. Therefore, only 
a chloramine residual of about 0.2 
ppm is present in the combined filter 
influent. 

8. There has been no loss of sand. 

9. The pilot disc valves have been 
re-ground occasionally. 

10. Some fine sand from one of 
the wells collected in one of the units 
nearest to the common inlet. This 
caused the filter bed to grow so that 
the rotary surface wash stopped. The 
loss of head through this unit also 
increased. The fine sand was then 
scraped off and the unit returned to 
normal. 

11. The backwash procedure con- 
sists of (a) rotary surface wash for 
1 minute, (b) backwash at 1,500 gpm 
for 10 minutes, and (c) filter to waste 
at 500 gpm for 5 minutes. The total 
waste water amounts to about 2.5 per 
cent of the total water treated. 

12. The total erected cost was $170,- 
700, or $34,138 per mg, including 
structure, electrical, plumbing and 
heating, foundations, labor of erect- 
ing equipment, and connection of pip- 
ing to the distribution system. The 
operating cost is: 

Electrical energy for pumping 
from ground to service 

Treatment 

Operating labor 


$24.67 


$31.14 


Total, per million gallons 


Conclusions 

This case history indicates that even 
today there is considerable difference 
of opinion when experienced bidders 
are invited to bid on equipment to 
solve a specific iron and manganese 
removal problem. 

In fact, the differences of opinion 
in this case resulted in a range of first 
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cost for equipment alone from $50,000 
to $139,000. 

The erected costs would be still far- 
ther apart because the more compli- 
cated types of equipment, such as the 
gravity filters, etc., would cost more 
to erect. Therefore, it is conservative 
to estimate that the saving to the user 
in this case amounted to more than 
$100,000 in total investment, as well 
as an appreciable saving in operating 
cost, by adopting the design installed. 

In passing, it 1s of interest to report 
that in Station 18, where the double- 
deck contact lava beds over the final 
sand calcite beds were originally used, 
it was found possible to remove the 
lava from the upper decks without 
affecting the results. Such contact fil- 
ters are no doubt valuable for high 
iron bearing waters, especially with 
high organic inhibitants present. Nev- 
ertheless, at Station 18, with the pres- 
ent well water, and at this later plant 
previously described, contact filtration 
or sedimentation preceding the single 
filtration was not required. 

The pilot plant tests were very valu- 
able in determining the allowable rates 
per square foot, which determined in 
great part the required investment. 
There is no substitute for such pilot 
plant testing, not only in iron removal 
problems but also in many of the 
related water treatment fields. 
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Stationary and portable air compressors, maintenance and construction equipment 


Main Office and Factory—West Chester, Pa. + Sales Offices and Representatives in Principal Cities 


SCHRAMM STATIONARY AIR COMPRESSORS 
% to 150 Horse Power 


Vibrationless Multi-cylinder Schramm Compressors can 
be installed without expensive foundations—and driven 
by any type of electric motor, gasoline or Diesel engine. 
Pressure lubrication to bearings with completely en- 
closed system. Balanced reciprocating parts mean longer 
bearing life. Mechanically operated poppet-type intake 
valves last as long as the compressor. Schramm-engi- 
neered cooling systems permit continuous operation for 
long periods without maintenance. First cost is low— 
installation cost is low. Schramm units are rated in 
actual free air delivered while compressing to 100 psi and 
are available in the following capacities: 50, 105, 210, 
315, 420, and 600 cfm at 100 psi. Send for Catalog 5510. 


HEAVY PNEUMATRACTOR AND BACKHOE 


The Schramm Backhoe, mounted on Heavy Pneuma- 
tractor, is the most powerful backhoe made for a wheel 
tractor. Because of its hydraulic action and control by 
two levers, it digs much faster than the more expensive 
cable-operated backhoes with multi-lever control. It is 
the only tractor type backhoe powerful enough to operate 
as a shovel. With buckets available from 12 to 36 inch 
widths, you can dig to a depth of nine feet six inches. 
Tampers and shovel buckets can also be installed on the 
backhoe, making it the most versatile tool of its kind. 
Full details in Catalog 5540. 





HEAVY PNEUMATRACTOR AND FRONT END 
LOADER 


The Schramm Front End Loader, mounted on Heavy 
Pneumatractor in combination with the Schramm 
Backhoe, makes the Pneumatractor a complete digging 
and materials-handling machine. It will do an endless 
variety of jobs—loading, digging, bulldozing, grading, 
tamping, lifting, sweeping. Standard attachments are 
furnished by Schramm, including a portable scaffold 
which lifts to 13 feet above ground. The Schramm Front 
End Loader has hydraulic action to the bucket, hydraulic 
action to raise and lower the loader frame, and hydraulic 
action to the blade, boom, and other attachments. Com- 
plete description in Catalog 5540. 


SCHRAMM PNEUMATIC 


SCHRAMM STANDARD PNEUMATRACTOR...a complete, mobile SUMP PUMP for water or 


air compression plant semi-liquids 

The Schramm Sump Pump is high 
in pumping capacity—low in air 
consumption. You can use it to 
remove clear water, mud, sludge, 
or raw sewage at the rate of 410 
gpm with a 10-foot head. Weigh- 


One man drives this complete air com- 
pressing plant right up to the job—and 
operates it. It supplies 125 cfm of com- 
pressed air at 100 psi—for continuous 
operation of rock drills, paint sprayers, 
paving breakers, diggers, backfill tamp- 





ers and other air-operated tools. You 
can convert Pneumatractor, right from 
the instrument panel, to a wheel tractor. 
Easily installed attachments make it a 
machine-of-all-work from sweeping to 
plowing snow. Send for Catalog 5545. 
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ing only 55 pounds, it is easy to 
move from point to point. The 
Schramm Sump Pump is small 
enough to pass through a 12-inch 
dia. hole. Send for your copy of 
Bulletin SP-55. 





Compressed Air in Water Works 


by EDMOND C. POWERS 


Educational Director, Compressed Air and Gas Institute, Cleveland, Ohio 


HE APPLICATIONS of com- 

pressed air in water pumping sta- 
tions and treatment plants until re- 
cently have been limited. Although 
not completely incongruous in the 
average water works, compressors 
nevertheless have occupied a relatively 
minor position among the pumping 
stations' components. 

With the exception of maintenance 
functions and those water works using 
air lift pumps, the need for com- 
pressed air was confined to pipe test- 
ing, caulking operations, and minor 
control systems that required one or 
two small capacity, light duty com- 
pressors of perhaps 0.5-horsepower 
each. 

Now, however, the ever-increasing 
recognition of compressed air as a 
safe, simple, and dependable mode of 
power has caused its application to 
spread throughout the entire pumping 
station, enveloping control devices of 
all types, aerating systems, soot blow- 
ing, and a host of other associated 
water works activities. A few of these 
applications are briefly reviewed here 
to show what compressed air can do 
better and cheaper for the water 
works operator. 


Air Lift Pumping 

If air lift pumping is not the oldest 
compressed air application in the 
water works, it certainly must be close 
to the oldest such application. Suc- 
cessfully used for many years in a 
number of stations, this unit is by 
no means obsolete. It still finds wide 
acceptance in deepwell areas where 
long-shafted vertical turbine and sub- 
mersible wet pit pumps are impractical 
or uneconomical. 

Its chief advantages are that it has 
no submerged wearing parts to be 
affected by abrasives suspended in the 
water, and crooked well shafts do not 
materially affect its operation. Water 
contamination by the pumping me- 
dium is practically nil, thereby re- 
ducing the filtration and purification 
requirements to a slight degree. 

Furthermore, because the power 
source is centralized and may consist 
of a single compressor and motor to 


handle a group of wells, installation 
costs are lower. On the other hand, 
to provide an individual mechanical 
pump and motor for each well of a 
field sometimes results in numerous 
substations a considerable distance 
from each other. With air lift pumps 
and a centralized power source, ac- 
cessibility and maintenance problems 
are simplified. 


Aeration Uses 


Where aeration figures prom- 
inently in conditioning the water, com- 
pressed air offers real possibilities. 

Two of the more important con- 
siderations in efficient aeration are 
(a) the amount of air-water surface, 
and (b) the duration of the air-water 
contact time. Since air at a given pres- 
sure can be made to pass through 
smaller pipe openings than water at 
the same pressure, the air can be 





_ VPs —Pa) 


T= 
CP, 


T = Time receiver will sup- 
ply air from upper to 
lower pressure limits, in 
minutes. 

V = Volume of receiver, in 
cubic feet. 

P, — Atmospheric pressure, 
in pounds per square 
inch absolute. 

P, = Maximum tank pres- 
sure (compressor dis- 
charge pressure), in 
pounds per square inch 
absolute. 

P, = Minimum tank pres- 
sure (pressure required 
to operate tool), in 
pounds per square inch 
absolute. 

C=Air required (from 
study of load cycle), in 
cubic feet per minute. 











Fig. I—PROTECTION provided by com- 
pressed air system in event of power outage 


broken up into countless small bubbles 
that will present a maximum air- 
water surface ratio. Of additional im- 
portance is the fact that an air bubble 
will require a longer time to reach the 
liquid surface than will a sprayed 
water droplet to fall back to the 
water. The contact time between the 
water and air, therefore, is increased 
substantially, providing better aera- 
tion. The obvious advantages of con- 
trol pressure variation in such a 
system immediately open up new pos- 
sibilities in aeration control. 

It is conceded that the greater the 
air pressure, the greater will be the 
volume of air flow. But greater air 
flow also means increased aeration 
taking place. If, then, instruments 
could be used to periodically measure 
the condition of the water, automatic 
control of aeration could be achieved. 
On dictation by the instrument meas- 
uring the condition of the water, the 
volume of air for aeration could be 
varied to meet the immediate require- 
ments of the water conditioning sys- 
tem. 

In many instances severely cold 
weather will influence spray-type 
aeration systems to such an extent 
that the use of compressed air is an 
absolute necessity if aeration is to 
retain its efficiency. Seasonal and per- 
haps daily changes in aeration re- 
quirements are easily handled with 
compressed air. 


Filter Cleaning 

Filter beds, too, can be reactivated 
faster by means of air under pressure. 
Speed of reactivation is a vital factor 
in the warm months when water con- 
sumption is at its peak and the shut- 
down time of a filter bed for cleaning 
must be at a minimum. 

Low-pressure air for agitation of 
the sand will reduce backwash time 
considerably. The same air system 
that is used for maintenance can be 
used here also. It only becomes neces- 
sary to install pressure regulating 
valves immediately before the air dis- 
tribution pipes in the filter beds. A 
reduction of the air pressure to about 
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10 pounds per square inch is adequate 
in most plants 

With a cleaning pressure of 10 
yunds per square inch, and a plant 
air system with a pressure of 100 
pounds per square inch, only a small 
iir receiver is required to store suf- 
ficient air for a cleaning cycle. For in- 
stance, a 90 cubic foot receiver hold- 
ing air at 100 pounds per square inch 
would supply approximately 420 cubic 
feet of air at 10 pounds per square 
incl 

This ability of the compressed air 
ystem to store up power by means of 
air receivers 1s one Of its most out- 
standing features. Extra large storage 
tanks can provide air to operate con- 
trols, other vital com- 
ponents for minutes after a power 
has shut down the electric 
The equation in Fig. 1 can 
be used to check the plant system to 
see how well it protects against emer- 


valve Ss, and 
failure 
system 


geencies 
& il 


Flocculation 


Most flocculation processes require 
rapid mixing at the beginning, with 
the mixing diminishing as the process 
approaches the end of the cycle. In 
many instances the speed of the proc- 
ess must be altered to suit a special 
treatment, a condition that is partic- 
ularly well handled by compressed air 

Consider an aerator-flocculator sim- 
lar to that shown in Fig. 2. It con- 
sis 1f a compressed air header, A, 
which emits a controlled air stream. 
lhe air causes the water and floccula- 
tion material to swirl in the tank, with 
battles B and C directing the move 
nent of the water to assure correct 
\eration and flocculation take 
simultaneously, 


mixing 
and can be 
for current water condi 
either automatic or manual 
means. With automatic operation, the 
ersonal equation of error is reduced, 


place 
] 


ried 


tor } 


easily 


if not eliminated entirely, offering a 
f olproof system. 


Reduced Contamination 


he complete absence of moving 
parts in this, as well as the aeration 
is particularly attractive 
from the standpoint of maintenance. 
Furthermore, contamination of the 
water is practically non-existent. 
\ftercooling and separating devices 
remove entrained impurities from the 
air stream prior to its reaching the 
distribution pojst. Filters are avail- 
able that will «further in cleansing 
the air by remo. .ug fine dust particles, 
and even undesirable odors. 

Completely oil free air, through the 
carbon ring, non-lubricated 
compressors, will further preclude the 
possibility of water contamination and 


Systems, 


use of 
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Fig. 2—AERATOR-FLOCCULATOR operated by compressed air 


clogging of delicate control instru- 
ments by lubricating oil. The cast-iron 
piston rings are replaced by segmental 
carbon rings sliding on a honed cylin- 
der bore that requires no lubricant. 
Piston rod packing is also made up 
of carbon rings (sometimes hemp), 
and positive protection can be had by 
inserting an extra long housing be- 
tween the cylinder and the compressor 
frame, so that no part of the rod 
which enters the crankcase also enters 
the cylinder. A collar on the rod pre- 
vents oil from creeping along it into 
the cylinder packing box and bore. 


Chemical Handling 


The special construction mentioned 
in the preceding paragraph is some- 
times necessary on compressors en- 
gaged in chemical transmission, par- 
ticularly that type known as tank car 
unloading. Here the compressed air 
is piped to the top of the tank car, 
forcing the liquid inside to leave the 
car through another pipe extending to 
the bottom of the tank. This latter 
pipe is connected to the storage tank 
in the area of use, so that the liquid 
chemical is rapidly moved from place 


Fig. 3—NON-LUBRICATED instrument air compressor of heavy-duty type capable of deliver- 
ing 1,245 cubic feet per minute of 60 psi discharge. 











, 


Fig. 4—STEAM-DRIVEN compressors on air lift pump service in a large southern city 


to place without the use of expensive 
special pumps that are used only 
periodically. 

Dry chemicals are skillfully and 
easily moved by canvas conveyor belts 
that are fluffed by compressed air. 

Vacuum pumps will handle 
chemicals with neatness and dispatch 
by creating a pressure differential be- 
tween the chemical storage tank and 
the atmosphere. A hose attached to 
the tank sucks the chemical in, much 
in the manner of a giant-sized vacuum 
cleaner. 

Chemical transfer by air pressure 
eliminates the human element that 
sometimes results in loose handling 
and slop-over, both of which are re- 
flected in the overall cost of the chem- 
ical. Workers are also protected from 
the dangers of handling corrosive 
enhancing 


also 


chemical agents, greatly 
plant safety practices, and compressed 


air never becomes tired. 
Maintenance Tools 

Maintenance, of course, has always 
been an important function of com- 
pressed air. In the use of maintenance 
tools, air is unequalled as a source of 
power. Lightweight construction, high 
speed operation, and freedom from 
electric shocks are important argu- 
ments in favor of compressed air. 

Portable compressors constitute one 
of the greatest assets of the main- 
tenance sections. Pavement breaking, 
rock drilling, and earth tamping are 


all facilitated by compressed air 
equipment at the site. 

Pumping out water-filled excava- 
tions can be accomplished by portable 
units operating miniature air lift 
pumps. Maintenance of the equipment 
is thus kept to a minimum; large 
stones, gravel and broken concrete are 
easily handled without fear of blade 
or piston breakage as would be the 
case with centrifugal or reciprocating 
liquid pumps. 


Miscellaneous Uses 


Compressed air does not stop with 
those functions directly concerned 
with pumping or treating water. 

Boiler feed control instrumentation, 
blowing, boiler tube cleaning, 
and ash removal all can be handled 
with compressed air. 


soot 


automatically 

Carbonaceous material adhering to 
boiler tubes must be blown off if the 
steam generator is to perform at peak 
efficiency. Compressed air, although 
having a somewhat greater initial cost 
in some cases, permits the use of low 
temperature, uninsulated piping and 
does away with the waste of high- 
pressure steam. Compressed air soot 
blowing also has a lower operating 
cost than a steam cycle. 

Control and instrumentation 
belong among the water works com- 
ponents serviced by compressed air. 

Exceptional sensitivity, dependa- 
bility, and low cost have all con- 


also 


tributed heavily to the use of air 
controlled and operated chlorinators, 
traveling screens, chemical mixers, 
boiler feed pumps, water pump dis- 
charge valves, and similar station 
equipment. By means of Bourdon 
tubes, bellows, and diaphragm needle 
valves, all air activated, pressure 
changes within a system are quickly 
picked up and magnified, so that sensi- 
tivity of less than one per cent is 
easily achieved. 


A Versatile Tool 

From street pavers to such simple 
functions as blowing the dust from a 
workman’s bench, compressed air oc- 
cupies a prominent position in the 
water works field. But with all its in- 
herent ruggedness and built-in long 
life, the compressor must rely on the 
consideration of the operator and en- 
gineer to offer its maximum effi- 
ciency. 

Intake filters to keep the cylinders 
free from abrasive dust; the proper 
amount and temperature of jacket 
cooling water (on water cooled units) 
to prevent overheating and moisture 
condensation ; aftercoolers, separators, 
and traps to insure clean dry air being 
supplied to the end point; air re- 
ceivers for storage purposes and 
pulsation damping ; and a strict main- 
tenance schedule that will assure peri- 
odic inspection of the compressor, 
inside and out, are all vital to the 
proper operation of the compressor. 
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You get three-way economy, safety and 


assurance of ample supplies with... 


HYDROFLUOSILICIC ACID 


For Municipal Water Fluoridation 


/ 


Municipalities save three ways with Inter- 
national Hydrofluosilicic Acid: in cost of 
equipment installation, in operating cost 
ind in cost of materials. Handling and con- 
trol of liquid feed is simple and easy with a 
minimum of space needed for storage. 


Liquid feed assures maximum safety for 


operating personnel. 


International Hydrofluosilicic Acid is availa- 
ble for immediate delivery in tank truck and 
tank car deliveries. 

Shipments are currently being made from 
plants at Mason City, lowa; Chicago Heights, 


Illinois; Lockland (Cincinnati), Ohio; 
Buffalo, New York; East Point, Georgia; 


POTASH DIVISION 
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MIDLAND, TEXAS 


Hartsville and Spartanburg, South Carolina 
and Tupelo, Mississippi. Other shipping 
locations will soon be available. 


With ample raw materials and large produc- 
tion facilities, International can provide mu- 
nicipalities with a dependable source of 
supply today and in the years ahead. 


International Hydrofluosilicic Acid runs typ- 
ically 25% acid solution with a guaranteed 
minimum of 23% H.SiF, by weight. 


If you are fluoridating now or planning to 
do so soon, it will pay you to talk with 
International’s representative about the use, 
handling and costs of Hydrofluosilicic Acid. 
Please write or phone the office near you. 


("2 
INTERNATIONAL MINERALS SAieimatennf & CHEMICAL CORPORATION 
Bem 





20 NORTH WACKER DRIVE, CHICAGO 6 


FULTON NATIONAL BANK BLDG., ATLANTA, GA, 


Hydrofluosilicie Acid 
For Water Fluoridation 


HE GROWTH OF WATER 

FLUORIDATION has focused 
attention on the relative merits for 
this purpose of the various fluoride 
compounds. Recently, the trend has 
been definitely toward choice of hy- 
drofluosilicic acid. Not only the large 
installations for fluoridation, but also 
goodly proportion of the smaller ones 
have been engineered for the acid. 
Evidently, this is the form which 
most satisfactorily meets the engi- 
neer’s various criteria of convenience, 
cost, safety and effectiveness. 

In view of the trend noted, it 
-hould be of interest to consider 
something of the source materials and 
chemical derivation of hydrofluosilicic 
acid, as well as its characteristics for 
water treatment 


Source of Fluosilicic Acid 


Fluosilicic acid has customarily 


by C. E. MEGINNIS 


ations Engineer, Davison Chemical Co 


been derived from processing of 
superphosphate, which is, of course, 
a basic inorganic fertilizer. In view 
of the rapidly rising production and 
use of the acid from this source, it 
is now more accurate to call it a 
co-product than a by-product. The 
raw materials for superphosphate pro- 
duction are sulfuric acid and phos- 
phate rock. The latter occurs natur- 
ally in many areas throughout the 
world; in the United States princip- 
ally in Florida, Tennessee and Idaho. 
The most significant rock deposits in 
America are in Florida and contain 
30 to 35 per cent phosphorous, as 
phosphorous pentoxide (P2O;), and 
3.5 per cent fluorine (F). After the 
phosphate rock is mined, it must be 
ground to substantially pass a 100- 
mesh screen to speed up its reaction 
with a 72 per cent concentration sul- 
furic acid. After acidulation, the mix 


Baltimore, Md 


is held for several weeks to allow for 
completion of the chemical reaction 
and the fixing of hydration water. 
During acidulation and curing, about 
one-half of the fluorine in the rock 
is converted to silicon tetrafluoride 
gas and recovered as weak fluosilicic 
acid by washing the gas with water. 

The acid recovery ratio is low, 
averaging 10 pounds of 100 per cent 
hydrofluosilic acid (H2SiF¢) per ton 
of superphosphate produced. But, 
since the production of superphos- 
phate is estimated to be somewhat in 
excess of 10,000,000 tons each year, 
it would be possible to make available 
more than 50,000 tons of 100 per cent 
hydrofluosilicic acid. To indicate the 
magnitude of the potential supply, it 
suffices to note that Chicago will need 
ipproximately 2,000 tons per year of 
100 per cent acid, or just 4 per cent 
of what can be made available. 





. ‘a 


— 





STORAGE and transportation of hydrofluosilicic acid is in rubber-lined tanks 
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RUBBER-lined tank truck (left) and solution feeder (right) constitute only mechanical equipment for fluoridation of water by 


use of fluosilicic acid 


weak fluosilicic acid has 
, it must either be con 

a marketable level of at 

cent H.SikFs or converted 
such as the 
salts. The con- 

salts, sodium and 
s readily accomplished by 

roper amount of sodium 

im chloride. The insoluble 


commodity 
soluble 


I soluble 


sodium or potassium silicofluoride 
simply precipitates out of solution and 
is classified and dried. Soluble salts, 


ammonium, magnesium and zinc, are 


considerably more difficult to manu- 
facture because there is an evapora- 
tion step which gives rise to a multi- 
tude of production problems, one of 
the worst of which is equipment cor- 
rosion. The concentration of the acid 


is a relatively new technique and re- 
quires special equipment and know- 
how. 

Prior to the establishment of fluori- 
dation procedures by the city of Balti- 
more*, based on the use of hydrofluo- 
silicic acid, we at Davison found our- 
selves in a unique position. Although 
we were the only manufacturer of a 
complete line of silicofluorides (salts 


UNLOADING tank-car of hydrofluosilicic acid to storage tanks—Chicaqo's Southside Filter Plant. 
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as well as the acid) we had recom- 
mended and sold only sodium silico- 
fluoride for fluoridation purposes. 
Nevertheless, we were convinced, 
through both a rigid analysis of the 
controlling factors and typical reac- 
tions from municipal water people, 
that the acid approach would be 
superior to the dry feed method. 
Therefore, we worked closely with 
the City of Baltimore (the home of 
the company) to help promote the 
cause of acid fluoridation. The out- 
come is a matter of record: Balti- 
more’s experience was eminently suc- 
cessful. Then followed Philadelphia, 
St. Louis and, more recently, Chi- 


cago. 


Controlling Factors in Selecting 
Fluorine Compounds for Water 

Let us treat for a moment the 
prime factors involved in selecting a 
material for water fluoridation. 
number of fluorine 


There are a 

compounds available: sodium flu- 
oride, hydrofluoric acid, sodium 
silicofluoride, ammonium silicofluo- 


ride and hydrofluosilicic acid. The 
primary questions raised concerning 
them refer to dependable availability 
and price stability; economy; flexi- 
bility in use; handling problems, and 


* “How Baltimore Fluoridates.” W.&S.W., 
Nov. 1954. 





METERING PUMPS (Milton Roy) delivering correct dosage of fluosilicic acid to water and (right) storage tank elevation 
guages and chemical pump controls—Chicago's Southside Filter Plant. 





safety. So far as availability and price 
stability are concerned, the astonish- 
ing amount of acid potential in this 
country has already been mentioned. 
Furthermore, the production of fluo- 
silicic acid has been stressed, so it is 
now considerably more than a second- 
ary product. A third factor is the 
sparcity of industrial hydrofluosilicic 
acid application, while industry 
strongly competes in the case of the 
other compound which can be used 
for water fluoridation. 

From the standpoint of product 
cost, sodium silicofluoride is the only 
chemical in the group which is less 
expensive (about 7 per cent) than 
fluosilicic acid. However, equipment, 
installation, maintenance and labor 
costs are so much less when the acid 


is used that there is little true com- 
petition. 
As to flexibility in use, the acid 


may be applied irrespective of plant 
capacity. Because of its unlimited 
solubility, the smallest of plants can 
use it successfully, whereas salt sol- 
ubility would present a definite limi- 
tation. As to handling problems and 
safety, fluosilicic acid is a transpar- 
ent, straw colored, corrosive but es- 
sentially non-fuming liquid. Ordinary 
precautions, such as the use of rubber 
gloves, safety glasses and protective 
clothing, should be practiced when 
working with the acid. However, it 













is unlikely that a worker will have 
any occasion to come into contact 
with the material. 

In large installations, tank cars or 
tank trucks of acid will be unloaded, 
either with air pressure or by pumps, 
into rubber-lined steel tanks which 
are vented to the atmosphere. An 
accurate proportioning pump will 
feed the acid direct from the storage 
tank into the filtered water. There 
are several types of construction ma- 
terials suitable for corrosive resistant 
equipment which can be utilized by 
a water utility or the manufacturers 
of pumps, valves, pipes and tanks. 

For small communities, the stand- 
ard rubber or polyethylene-lined 
shipping drum may be used as the 
storage tank. The acid can be with- 
drawn by placing a Saran or rubber 
hose in the drum and pumping it 
out with a_ positive displacement 
metering pump. 

Use of the liquid fluosilicie acid 
eliminates the expense of dry feed 
equipment, the high cost of labor in 
handling, the inherent difficulties of 
powder feeding, and the hazards of 
toxic dust. 

Based on the considerations of 
availability and price stability, econo- 
mv, flexibility in use, handling and 
safety. hydrofluosilicic acid appears 
to be the overall first choice for water 
fluoridation 
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Use of Inhibitors in Cleaning Metallic Pipe 


by ALLEN ABRAMS and C. L. WAGNER 


W \TER pipes in certain sections 
of the country are likely to be- 
ne clogged by corrosion or deposits 
the water. In many cases this 

has required replacement of the pipes, 
ocedure which is often costly due 

the necessity of tearing out walls 

| floors. As a result there have 
ittempts to clean pipes by the 
muriatic or other acids with 

intent to leave the acid in just 
enough to remove the scale and 

not long enough to attack the pipe 
Chis, however, is a question- 
expedient and may be more ex- 
than the replacement of the 


nsiderable interest has long been 
1 in the use of inhibitors in pipe 
involving acid 
nt. These are usually nitro- 
materials such as aniline or 

and, even glue and flour 

used. When small quantities 

uch substances are added to an 
solution the resultant mixture 

ll attack rust or scale but will have 
tically no effect on the pure metal 
Wide has therefore been 

le of this principle in the acid 
metals to effec- 
rendering 
almost 


operations 


use 
ess ol “pickling” 
scale while 
underneath 


remove 
loss of metal 
livibl 

example has been given of the 

this principle in cleaning the 
thirty-five story office 
downtown New 


of a 
¢ located in 

of the pipes were concealed 

nd expensive marble walls and it 
is estimated that it would cost be- 
en $100,000 and $300,000 to re- 
e this piping, not to mention the 
inconvenience to tenants. By 

an acid-inhibitor combina- 

whole cleaning operation was 
Saturday afternoon 
ut inconvenience to the tenants. 
pipes were returned to practical- 


out on 


their normal condition of carrying 
wcities and the cost of the opera- 

vas but nominal 
his method attracted our attention 
we made initial tests to determine 
effectively inhibitors would re- 
luce the action of acid on the metal. 
In parallel tests on galvanized iron 
pipes 16 per cent muriatic acid was 
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Marathon Paper Mills Co., Rothschild, Wis. 


used alone, to compare with the same 
acid containing 3 per cent of an in- 
hibitor. Equal lengths of pipe were 
allowed to stand in each solution for 
six hours. At the end of that time the 
pipe in muriatic acid had lost 50 per 
cent of its weight while that in the in- 
hibited acid had lost but 0.2 per cent 
of its weight. We were then satisfied 
that the inhibitors would effectively 
prevent destruction of the pipes by 
such acid when submerged for a rel- 
atively short period. 


Working Demonstrations 


Not long afterwards two lengths of 
pipe, leading from the basement of 
our main office to the second floor 
became filled with rust and other de- 
posit, completely stopping the passage 
of steam. It would have been relative- 
ly expensive to replace this piping and 
we therefore opened the two lengths 
at the top and cleaned them by pour- 
ing in inhibited acid, allowing it to 
work its way through. One overnight 
treatment, followed by a thorough 
flushing was sufficient to clean these 
pipes and no further trouble was en- 
countered 

When the Marathon County Board 
decided that it would be necessary to 
tear out and replace all the water 
piping in the Mount View Sanatorium 
due to the fact that it was so stopped 
up that it was impossible to get an 
adequate water supply through the 
system, we suggested that an at- 
tempt be made to clean several lengths 
of this pipe and a decision could then 
be made as to the further course to 
be pursued 

Twenty-five gallons of 14 per cent 
muriatic acid were treated with 3 per 
cent, by volume, of the inhibitor.** 
The treated acid was placed in a 
barrel to which was connected the 
suction of a small rotary pump. The 
acid was then forced upward from 
the basement to the second floor 
through a length of one-inch pipe, 
thence through a cross-over and down 
through another length of pipe to the 
basement. The returning acid passed 
through a fine screen to remove any 
dislodged particles and thence to the 
solution barrel. 

At the beginning of the test a con- 
siderable amount of solid material 


was dislodged from the pipes and it 
was almost impossible to force the 
acid through. The pipes were then 
opened on the second floor, the acid 
mixture was poured in and allowed 
to flow by gravity until the pipes were 
filled. The bottom openings were 


plugged, the acid allowed to stand for 
eight hours and the acid withdrawn 
and the pipes thoroughly flushed. Ex- 
amination indicated that the scale had 
been practically completely removed. 


Control Procedure 


In order to determine how effec- 
tively the cleaning was being done, 
three 6-inch lengths were cut from 
a l-inch pipe, which was so clogged 
with rust and dirt that it was 
barely possible to get a pencil into 
the opening. One of these pipes was 
retained without treatment and the 
other two were connected in the cir- 
cuit through which the acid was be- 
ing pumped. At the end of about two 
hours one length of pipe was removed 
and found to be almost completely 
clean except for small patches of rust 
on the walls. After ten hours the 
other length of pipe removed for ex- 
amination proved to be entirely free 
of rust and scale and there was no 
apparent action on the metal itself. 

In the cleaning operation approxi- 
mately 2,800 feet of pipe were treat- 
ed, ranging from '% inch to 4 inches 
in diameter. Estimates showed that 
the total labor costs were $870, while 
the cost of acid and inhibitor was ap- 
proximately $20—a total of $890.*** 
It was estimated that the cost of re- 
placing the piping would have 
been :*** 

Galvanized pipe fittings 

and valves 

Labor for installation 

Plaster, concrete floor 

and repainting 

Total 
*“Removing Rust from a System with Pip- 
ing Acid,” F. N. Speller, E. L. Chappell 
and R. P. Russell—Chem. and Met. Engi- 
neering, July, 1927. 


**Inhibitors are available, from several 
of the larger chemical companies—Barrett 
& Co., Monsanto Chemical Co., General 
Chemical Co., et al. 

**#*1957 costs would be considerably 
higher. 





Plastic Test Bottle 


For Chlorine Leaks 


by A. A. HIRSCH 


Water Purification Superintendent, Department of Water and Sewerage, Shrevesport, Lo. 


HE IMPORTANCE of testing 

for and locating leaks in gaseous 
chlorination apparatus, followed by 
their immediate repair, is well appre- 
ciated by all water and sewage plant 
operators. Devices used for spotting 
leaks have been, until recently, cotton 
swabs moistened with ammonium hy- 
droxide or a bottle containing this 
material held with mouth open close 
to the suspected spots. The tell-tale 
white fumes of ammonium chloride 
pin-points the leak. 


New Type Container 

A newer container for holding the 
ammonia water is a_ polyethylene 
blow-bottle having a perforated top. 
The bottle is only partly filled with 
liquid so that pressure on the flexible 
sides ejects some ammonia-laden 
fumes in the vicinity of the leak. 
Since ammonia tends to escape 
through the orifice on standing the 
liquid loses strength and causes a 
slight odor near by. 

Properly protected, the blow bottle 
is an ideal device for this purpose; 
a recommended type of polyethylene 
bottle is shown in Figure 1. Its ca- 
pacity is about 300 ml and is two- 
thirds filled with ammonia. The lid 
consists of two parts, a screw cap sur- 
mounted with a stub through which a 
hole is offsetted, and a friction cover 
for this cap. The type illustrated, orig- 
inally designed as a dropping bot- 
tle, was manufactured by the Plax 
Corporation, 221 N. LaSalle Street, 
Chicago 1, IIl. 

The regular size of mouth permits 
filling the bottle easily and the cover 
over the nozzle retains the strength of 
the ammonia almost indefinitely. 
Counterboring the nozzle passage as 
indicated at a 45° angle allows the 
vapor to be jetted in a convenient di- 
rection, and keep the liquid in the 


bottom for locations where the bottle 
would otherwise have to be tilted. 


Other Modifications 

Readily available and simpler mod- 
ifications, but lacking some of these 
advantages, may be made from such 
articles as plastic bottles for ketchup 
or from a plain, polyethylene bottle 


with a 1/64 inch hole drilled through 
the cap. An ordinary steel pin can 
plug the hole. 

Plastic pocket flasks have been con 
sidered on account of their ease in 
carrying and positioning on a shelf, 
but they do not squeeze as much va- 
por volume as do the round bottles of 
the same size. 
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Chart for Determination of Pumping Costs 


imping water per thousand gallons when the total head, wire-to-water 
power rate are know: using this chart a rt placed trom line A (Power Rate in Cents per Kilowatt Hour 
© Wire-to-Water Pump Efficiency \ pin or pencil point is placed against the edge of the ruler on the Pivot Line 
is then pivoted to the proper point on line D (Total Head in Feet). The Cost for Power per Thousand Gallons ca: 
line C at the left of the chart (Courtesy Edward E. Johnson, Inc.) 


iscu 











+4444 























; 











+ 























opeperedibbbélibbabbasl } i 








Pivot Z 


























; 
; 


Cost for Pawer per 7) Aausand Galfens (Cents) 
ine 


















































‘oO 


























4 Q 


fda. E.tehaten, fac 11-41-35. NOW 





So 





W.&S.W.—REFERENCE & DATA—1957 








EQUIPMENT 


WATER 


DISTINGUISHING 
CHARACTERISTICS 


Raking mechanism for circular 
tank, designed to collect and 
concentrate settled material to 
a central discharge cone. 


e*eeseeee#e#e#e#es#e*¢ 


High-speed, motor-driven mix- 
ing unit equipped with turbine- 
type impeller for intense mix- 
ing in few seconds, 


Motor-driven revolving paddle 
wheel elements set in rectangu- 
lar basin. Gentle mixing causes 
build-up of uniform flocs of 
excellent characteristics. 


Both center-shaft and center- 
pier Dorr Clarifiers equipped 
with rotating raking arms for 
round or square tanks. Dorrco 
Monorake is a balanced raking 
mechanism for use in rectangu- 
lar tanks. 


APPLICATION 


PURIFICATION 


Particularly adaptable where 
turbidity exceeds 1,000 ppm. 
Use results in chemical sav- 
ings and reduced load on 
secondary basins. 


mplete diffusion 
of chemicals through raw 
water is desired instantane- 
ously to avoid floc formation 
in mixing chamber proper. 


Whenever c 


Whenever finely-divided or 
semi-colloidal solids are pres- 
ent in raw water, the use of 
Dorrco Flocculators will in- 
crease plant capacity and re- 
duce chemical consumption. 


Continuous removal of set- 
tled solids from clarified raw 
water, sewage or industrial 
waste. 


Dorr-Oliver equipment and methods are protected by apparatus and process patents 


issued aml pending in the 


Dorr Company. Printed in U.S.A 


United States and other countries 
Reprinted 


Copyright 1 The 


1956 by Dorr-Oliver Incorporated 












DISTINGUISHING 
CHARACTERISTICS 


EQUIPMENT 








APPLICATION 












COMBINATION UNITS 








Complete, self-contained high- 
rate unit providing for floccu- 
lation, thickening, clarification 
and positive sludge removal in 
a single tank. 


From 0.2 to 30 MGD 
per unit. 


Bulletin No. 9041 
Derrco 
Clariflecculater * 


See sewage and indust 













Normally consists of two or 
more Dorr pre-treatment mech- 
anisms each surrounded by an 
From 0.1] to 5.0 MGD annular rapid sand filter. 
per unit. 


Bulletin No. 9042 





ION-EXCHANGE 











Uses base or cation exchange 
resins for continuous softening. 
Resin is continuously regener- 
ated with brine. 


Dorrce Hydro- 

Softener 
From 75 to 800 GPM. 

Bulletin No. 4083 














SCREENING AND GRINDING 














Mechanically operated auto- 
matically activated unit con- 
sisting essentially of bar racks 
cleaned by motor-driven rake. 


Bar Screen 
Up to 75 MGD per 
unit. 


Bulletin No. 6400 


Motor-driven, heavy duty 
screenings macerator. Consists 
of low-head pump with fixed 
and rotating cutting blades 
arranged in front of a per- 
forated screenings plate. 


Dorrco Sulzer 
Disintegrator 


60 cu. ft. of sereen- 
ings per hour. 
Bulletin No. 6400 





GRIT REMOVAL 














Continuous, mechanically oper- 
ated grit chamber consisting of 
separate grit collecting and grit 
removal and washing mechan- 
ism. 


Dorr Detritor* 


From 0.25 to 140 
MGD per anit. 


Bulletin No. 6411 








CLARIFICATION 











See water purification. 


















For softening, color or low 
turbidity removal. 






treatment. 
ee 


rial waste 
s 





* . > e . 














For chemical pre-treatment 
followed by sand filtration to 
remove turbidity, color and 
hardness. 











For softening comparatively 
clear water to make it satis- 
factory for usual domestic 
needs. 










SEWAGE AND INDUSTRIAL WASTE TREATMENT 













Every sewage and industrial 
waste treatment plant where 
removal of sticks, rags and 
other large solids is required. 










For the maceration of sewage 
screenings. Especially adapt- 
able in combination with 
Dorrco Bar Screen. 














For the removal of grit of 
65 mesh or coarser from raw 
sewage or industrial waste. 


















EQUIPMENT 


DISTINGUISHING 
CHARACTERISTICS 


APPLICATION 











TRICKLING FILTRATION | oo 





Dorrco 

Distributor 
From 0.1 to 27 MGD 
per unit. 


Bulletin No. 6300 


Two or four-arm rotary, self- 
propelled unit for even dis- 
tribution of liquid wastes over 
filter bed. 





| SLUDGE DIGESTION | 





Dorrco Densludge 
Digestion System 


Incorporates Densludge Proc- 
ess (described below) with 
integrated digestion control 
system which reduces capacity 


Equally applicable to low or 
high-rate trickling filter treat- 
ment for oxidizing organic 
matter in solutions. 


For digestion of organic solids 
from any primary or second- 
ary treatment flowsheet at 
maximum volume utilization. 


requirements up to 80% over 
conventional methods. 


Washer, Densladge 
Thickener, Digester 
and Heat Exchanger 
to meet any sludge 
digestion problem. 


Bulletin No. 6262 





SLUDGE HEATING 











Provides simple, high-effi- 
ciency and easily controlled 
means of externally heating 
contents of any digester. 


External element for heating 
of sewage sludge. Consists of 
two concentric spirals welded 
together to form alternate hot 
water and sludge liquor pas- 
sageways. 


Spiral Heat 
Exchanger 


110,000 to 1,536,000 
BTU per hour rated 
capacity per unit. 
Bulletin No. 6281 

















| SLUDGE THICKENING | « « « 





Clarification and_ thickening For both activated sludge 
are carried out separately. Dorr and trickling filter plants to 
Densludge Thickener produces increase digester capacity and 
a sludge with up to 50% less other sludge handling facil- 
volume. ities. 


Dorrce Densludge 
Process 


For plants treating 
from 0.5 MGD up. 


Bulletin No. 6260 





FILTRATION 











Removes 80% to 85% of the 


Low submergence drum type 
water from raw or digested 


continuous vacuum filter avail- 
able in a variety of corrosion sludges produced in any pri- 
resistant material to meet any mary or secondary treatment 
sludge dewatering problem. plant. 


Oliver Sewage 
Sludge Dewaterer 


From 65 sq. ft. of 
filtering area in 
“package” units to 
570 sq. ft. in stand- 
ard individual units. 





| COMBINATION UNITS | 





Cylindrical tank with dome For scum and grit removal 


Dorrco Vacuator* 


From 0.5 to 30 MGD 
per unit. 
Bulletin No. 6301 


roof employing principle of 
vacuum flotation. Makes three 
product separation of floatable 
material, improved effluent and 
a sludge containing apprecia- 
ble quantities of grit. 





ahead of primary sedimenta- 
tion; for complete primary 
treatment; for sole treatment 
in coastal areas. 








EQUIPMENT DISTINGUISHING 
CHARACTERISTICS 





APPLICATION 















| COMBINATION UNITS Cont'd. | 








—_ Dorrco Clariflocculator Provides mechanical floccula- 


tion in inner compartment, clar- 
From 0.1 to 10 MGD ification and positive sludge re- 
per unit, moval in outer annular com- 
partment. 











Dorrco Contains cylindrical aeration 
Aerator-Clarifier chamber of steel with partially 
closed bottom, concentric with 

From 0.1 to 7.5 MGD Clarifier. Standard sludge rak- 


per unit. ing mechanism. Air introduced 
by fixed diffuser tubes. 








Combination aerator and clari- 

fier with clarification taking 
Up to 25 MGD per place in round or square cen- 
unit. tral compartment and aeration 
in outer annular compartment. 






Bulletin No. 6581-C 















Mechanically equipped two- 

story tank combining clarifica- 
From 0.1 to 1.25 tion in top compartment and 
MGD. controlled, separate sludge di- 
gestion in lower compartment. 












Dorr ; The “Duo” units are designed 
Duo-Clarifier for two-stage treatment in a 
single structure. The Duo-Clari- 

Duo-Filter fier provides primary and sec- 
end ondary clarification in one 
tank; the Duo-Filter consists 


Duo-Clarigester ; of two stages of filters arranged 


concentrically; the Duo-Clari- 
From 0.1 to 1.25 MGD gester provides two stages of 
per unit. + at” clarification plus separate 


Bulletin No. 7312 _ sludge digestion in a single 


structure. 


























ically treated municipal 
industrial wastes. 


For the preaeration of 
sewage. Grit or heavy s 
will not interfere with o 
tion of unit. 


For the clarification and 
tion of sewage or indu 
wastes in the activated sl 
process. 





Ideal for small sewag 





For clarifying raw or chem- 


and 





raw 
olids 
pera- 







aera- 
strial 
udge 





e or 


industrial waste plants either 
as sole treatment unit or in 


combination with other 
ment steps. 





Particularly adaptable 


treat- 








for 


treatment of domestic sewage 
from small communities and 


isolated establishments 


with 


contributing populations of 
over 500 and industrial wastes 


requiring biological 
ment. 


treat- 











for more detailed information, write, wire or phone 
the nearest of the following offices .. . 


Stamford, Conn. Barry Place St. Paul 4, Minn. 

New York 16, N.Y. 99 Park Avenue Denver, Colo. 
Atlanta, Ga. 900 Peachtree Dallas 2, Tex. 
Cleveland, Ohio 1032 Midland Bidg. Los Angeles 14, Calif. 
Chicago, Ill. 942 Merchandise Mart Oakland, Calif. 


Seattle 4, Wash. 3104 Smith Tower 








2631 University Avenue 
P.O. Box 149 (Englewood) 
6115 Berkshire Lane 


811 West 7th 
2900 Glasco 


Street 
ck St. 















Ss 


posal process many functional operations are performed 


as well as a number of 


sidered as peculiar to sewage treatment. In the follow- 


ing section articles and basic data are presented on these 


operations and processes 


|. Characteristics 
A. Physical 


1. Color 
2. Odor 
3. Solids 


4. Temperature 


Chemical 


1. Biochemical Oxygen Demand 
2. Alkalinity and pH 
3. Chlorine Demand 


+. Other 


C. Bacteriological 
1. Putrefactive 

y 4 Pathogenic 

3. Coliform 

4. Aerobic 


5. Anaerobic 


ll. Stream Pollution 


A. Deoxygenation 
B. Sludge Banks 


C. Bacteriological 


Ill. Collection of Sewage 


A. Design and Construction 
1. Combined Systems 


a. Interceptors 
b. Main Trunk 
c. Laterals 


d. 





Overflow Chambers 


A. 


B. 


EWAGE is the used water supply of a community. 
It must be deposed of without nuisance. In this dis- 


operations which may be con- 





? 


> 
) 


tN 


“4 


3 


) 


l. 


~ 


V. SEWAGE WORKS OPERATIONS 
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Inasmuch as space does not permit the inclusion of all 
good reference articles and data in one issue, the reader 
should refer to the previous three issues of the Reference 
& Data Numbers of Water & Sewage Works. The fol- 


lowing outline of sewage works operations shows the 


broad areas and phases covered in this section. 


Sanitarv Sewers 
a. Interceptors 
b. Main Trunk 
c. Laterals 

d. Lift Stations 
Mains 


e. Force 


Storm Sewers 


yperation 


Combined Systems 
Sanitary Sewers 


Storm Sewers 


IV. Sewage Treatment 


Purpose 


To remove nuisance 


lo protect health 
Methods 

Primary Treatment 
a. Grit removal 

b. Screenings removal 
c. Sedimentation 


(1) Sludge removal 
Secondary Treatment 
a. Trickling Filters 


(1) 


(2) High rate 


Standard rate 


(3) Roughing 
b. Activated Sludge 


(1) 


(2) High rate 


Standard 


(3). Tapered Aeration 


OUTLINE OF SEWAGE WORKS OPERATIONS 


3. 


+ 


(4) Step aeration 


(5) Other processes 


Disinfection 


a. Chlorination 


b. Control 


Solids Disposal 


a. Screenings 
b. Grit 
c. Skimmuings 


d. Sludge 


(1) Digestion 
Gas production and utilization 
(2) Dewatering 
(3) Elutriation 
(4) Drying 
(a) Natural on beds 
(b) Furnaces 
Flash Dryers 
Multiple Hearth 
(5) Incineration 


(a) Flash Dryers 

(b) Multpile Hearth 
(6) Ultimate disposal 

(a) Sludge as fill 

(b) Sludge as fertilizer 


Ash as fill 


(Cc) 


Operation and Control 


l 


? 


> 
». 


Laboratory control 
a. Tests 
b. Results 


Supervision 


Maintenance 
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Specify LINK-BELT 
equipment . . . lasting, 
efficient, flexible 


[" many cities, growing populations 
have required expandability to be 
designed into water and sewage treat- 
ment systems. Increasing production, 
plus anti-pollution measures, creates 
much the same situation in industrial 
waste treatment. The broad range of 
long-life Link-Belt sanitary engineering 
equipment is helping to meet these re- 
quirements—permitting design flexibil- 
ity that provides for easy enlargement 
with minimum changeover. 

Our sanitary specialists will work 
with your own engineers, chemists and 
consultants. For more details, call your 
nearest Link-Belt office. 


OTHER LINK-BELT PRODUCTS INCLUDE: 
Scum breakers, air diffuser units, 
non-clogging spray nozzles, trav- 
eling water intake screens, Roto- 
Louvre sludge dryers, chemical 
handling machinery, car spotters 
and haulage systems . . . Catalogs 
sent on request 


GRIT COLLECTORS AND WASHERS 
effectively collect and wash settled grit 
and separate, it from putrescible or- 
ganic matter before removing 


STRAIGHTLINE COLLECTORS for rec- 
tangular settling tanks feature peak- 
cap bearings, pivoted flights and 
Straightline action for top efficiency. 
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to plan sewage, water and 


FOR THE 


Dien 


mated 1,200,000 expected by 1970. Link-Belt 
supplied screens, grit collectors and sludge 
collectors to handle 136 mgd. 


This Eastern sewage plant had to provide 
practical sewage treatment for a population 
of 870,000—yet be able to serve an esti- 


SANITARY ENGINEERING EQUIPMENT 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. To Serve Industry There Are 
Link-Belt Plants and Sales Offices in All Principal Cities. Export Office, New York 7; Canada, 
Scarboro (Toronto 13); Australia, Marrickville (Sydney), N.S.W.; South Africa, Springs. 

Representatives Throughout the World. 14,578 


& 
FLASH MIXERS thoroughly mix chemi- 
cals prior to flocculation . . . prepare 
chemicals and water for immediate 
flocculation. 


STRAIGHTLINE MIXERS for rectangular 
tanks, cross or transverse horizontal 
flow. Degree of mixing can be varied 
to produce maximum size floc. 


BIO-FILTRATION SYSTEMS utilize high- 
rate shallow filters . . . recirculation of 
effluent from filter to ae settling 
tanks . . . recirculation from final tank 


CIRCULINE COLLECTORS for square or 
round tanks provide positive sludge 
and scum removal in shortest time 


without septicity. 


to filter. Single- or two-stage. 





THRU-CLEAN BAR SCREENS remove 
large floating particles from large vol- 
umes of water, thus protect other 
equipment from damage. 


TRITOR SCREENS remove both grit and 
Screenings with one mechanism. 
Shredder can be furnished to shred 
screenings when no grit is received. 


LIQUID VIBRATING SCREENS are widely 
used for removing fine solids from 
liquids. Several sizes, with fine cloth. 


THICKENERS AND CLARIFIERS are 
made in several types and various 
sizes, including rake and flight types, 
for high efficiency and low cost op- 
eration. 


STRAIGHTLINE BAR SCREENS can’t jam, 
assure constant, automatic screenings 
removal under extreme conditions. 


ROTARY DRUM SCREENS remove large quantities of 
fine solids from surface water intakes, settling tank 
effluents and industrial wastes. Extremely low main- 
tenance requirements. 


Pars 


SCREW CONVEYORS AND BUCKET ELEVATORS meet 
the need for efficient handling of lime, alum and 
other chemicals where space is limited. 


CHAINS AND SPROCKETS as on this 
mill scale collector or for any convey- 
ing Or power transmission need can be 
found in Link-Belt’s complete line 


TRASH SCREENS are operated intermit- 
tently for removing large floating de- 
bris to protect water screens and other 
equipment from damage. 


REVOLVING DISC SCREENS offer a low 
cost, low maintenance method of re- 
moving solids from sewage effluents 
used as utility water . . prevent 
clogging of foam spray nozzles in 
aeration tanks. 


BELT CONVEYORS are one of various 
types of conveyors available for han- 
dling bulk or bagged chemicals, sludge 
filter cake or sludge from drying beds. 


POWER TRANSMISSION PRODUCTS 
include enclosed gear, fluid and vari- 
able speed drives; bearings; chain 
drives as used on this vertical Straight- 
line mixer. 
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The Impact of New Industry on 


Water Supply and Pollution 


by B. A. POOLE 


Chief Engineer, State Board of Health and Technical Secretary of the Stream Pollution Control Board of the State of Indiana. 


Q—' R RAPID increase in popula 
tion in the last few years, our in 
creased standard of living, the phe 
nomenal expansion of industry, the in 


j 
reased 


crop yields as a result of sup 
ntal irrigation and the droughts 
have all contributed 
to the realization that watef will play 
predominant role in the economy 

the state of Indiana in the next 
years. Contrary to popular opin 

we still have about as much water 

Its use, however, 


recent years 


we always had 
intensified to such an extent that 

ust develop what we have and 
manage it if future genera 
ire To 


: 
oneT 


be unhampered in its use 


Public Water Supplies 


It is a known fact that some Indi- 

a municipalities, particularly in 
southern Indiana, cannot continue to 
expand or for that matter cannot at- 
tract a single water-using industry 
until additional sources of water are 
developed. It is also well known that 
much of southern Indiana has no 
ground water to develop. And the 
supply no means unlimited in 
many other portions of the state. For- 
tunately we have plenty of rain and 
there are few localities where an im- 
poundment can’t be made at a reason- 
ible cost. We have no insurmounta- 
ble water supply problem. All we 
need to do is store some of our flood 
flows and release them when we need 
them 

There are 397 Indiana municipalli- 
ties served by public water supplies 
that come from 360 sources. These 
supplies serve 2,500,000 people. In 
1953, 60 of these sources experienced 
shortages of one kind or another, 
most of them due to inadequate sup- 
plies. Some difficulties were caused 
by inadequate pumping or purifica- 
tion works, inadequate storage of fin- 


is by 


*Presented before the Industrial Develop- 
ment Conference at Purdue 
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University. 


ished water or undersized mains. For- 
ty of the 60 have made improvements. 
Some of these are good for a long 
time even with sizable expansion. 
Others won't accommodate five years 
of normal growth. In addition to the 
60 that had difficulty in 1953 we have 
another 60 small towns limping along 
on only one well. And in a few of 
these the attitude prevails that the 
pump on this well will run forever! 

Droughts are almost invariably 
blamed for water shortages, with little 
thought given to increased consump- 
tion although it is usually the real 
offender. The population of Indiana 
is increasing 60,000 to 80,000 each 
year, and water consumption is going 
up at a rate of 2.1 gallons per person 
per year. In cities above 100,000 wa- 
ter use is increasing at a rate of 3.3 
gallons per capita per year. By 1975 
the average daily per capita consump- 
tion will be 210 gallons in these cities 
and 330 gallons per person will be 
required on the maximum day! In 
cities between 25,000 and 100,000 the 
per capita per day increase is 2.3 gal- 
lons each year. By 1975 these cities 
will require an average of at least 190 
gal per capita per day. On the maxi- 
mum day they will require 250 gal 
per capita. In cities between 2,500 
and 25,000 the per capita per day in- 
crease is 1.9 gallons each year. In 20 
years they will require about 150 gal- 
lons per capita per day. 

Between 1940 and 1954 the total 
daily water consumption increased 
from 198 to 332 mgd. This is an aver- 
age increase of 5 per cent per year. 


Obviously a “live” must plan on 
more. 

While the increase in municipal 
water consumption has been phenom- 
enal, municipal use is small compared 
to our industrial use. U. S. Depart- 
ment of Commerce figures for 1953 
(Water Use in Manufacturing—Se- 
ries: MAS-53-3—USDC.) indicate 
average daily industrial consumption 
for the state was about two billion 
gallons. Four and three tenths per 
cent of this is covered in the munici- 
pal figures. The rest comes from in- 
dustrial supplies. This same report 
lists the following industries as the 
top water users as shown below. 
Other low water users are furniture, 
printing and publishing, transporta- 
tion equipment, instruments, machin- 
ery and fabricated metals. 


city 


These statistics are worth remem- 
bering by anyone interested in indus- 
trial location. No industry, which will 
become an asset to a community, is 
going to locate there until it is as- 
sured of an adequate water supply, 
either from the public water system, 
or through its own development. If 
it is willing to develop its own source 
it will expect an adequate supply of 
pure, potable water in the homes of 
its workers. 


Wastes 


When we put water under pressure 
we create waste disposal problems. 
Increased domestic water consump- 
tion means more sewage. There are 
few industries that don’t have some 





Blast furnaces 
Electrometallurgical 
Alkalies & chlorine 
Organic chemicals 
Pulp mills 
Petroleum refining 


The lowest water users were: 
0.03 


0.05 


Aircraft industry 
Telephone & telegraph 
equipment 


per employee 
” ” 


a 
” 
” 
” 








liquid industrial waste. The volume 
depends on the type of industry. The 
difficulties in properly handling it de- 
pend on the volume and the char- 
acteristics of the waste. Cooling wa- 
ter from an ordinary steam generating, 
plant is harmless and produces no ill 
effects other than possible tempera- 
ture increases. In contradistinction a 
nuclear power plant will create wastes 
many times more toxic than anything 
ever encountered by man. A meat 
packing plant produces organic wastes 
several times as potent as human 
sewage. 

Liquid waste disposal problems fall 
into two main categories : 

1. Getting the wastes away from 

the establishment, whether it 
it is a home or a factory build- 
ing. 
Changing the characteristics 
of the wastes so they will not 
unduly jeopardize any benefi- 
cial water use. 

With industrial development in any 
community there is always an accom- 
panying housing development either 
inside the community or immediately 
adjacent to it. Housing and popula- 
tion development also present prob- 
lems of water supply and waste dis- 
posal and are therefore worthy of 
comment 


Sewers 


As in the case of public water sup- 
ply improvements the State Board 
of Health has worked with cities and 
towns on sewerage developments for 
many years. Approval of plans and 
specifications in both categories is re- 
quired before construction begins. 

Experience has shown that the in- 
dividual septic tank and absorption 
system is a very poor substitute for 
community sewers and sewage treat- 
ment. It is expensive, costing about 
$500 per residence. In many areas of 
the state it will not give satisfactory 
performance more than two or three 
where it will work as long as ten 
years. There are few areas indeed 
years without a major overhaul. Con- 
sequently, the State Board of Health 
will not approve individual septic 
tanks and absorption systems for 
community type housing develop- 
ments until all possibilities of a com- 
mon sewer system have been ex- 
hausted. 

There is much community housing 
underway in Indiana that is beyond 
the reach of the municipal sewers. 
Wise planning and zoning with firm 
enforcement of local plans would pre- 
vent some of this development, and 
eliminate many future headaches. 
This is a local prerogative that isn’t 
assumed in many localities. Where 


connection to city sewers cannot be 
made, the State Board of Health re- 
quires a community sewer system and 
a single sewer treatment plant where 
practicable. The only way mainte- 
nance and operation of the system can 
be assured is through the establish- 
ment of some type of trust agreement. 
Even with these there are many head- 
aches ahead since the operation of 
small sewage treatment works is con- 
ducive to headaches. The Indiana 
Home Builders Association is cur- 
rently involved in an attempt to frame 
legislation to make it easier to estab- 
lish a responsible agency for the main- 
tenance and operation of community 
sewerage systems. The home builders 
are conscientious in their efforts and 
deserve the support of city officials, 
Chambers of Commerce, etc. 

Extension of city and town sewer 
systems into the suburbs is the only 
satisfactory answer to the problem 
The two most common stumbling 
blocks are the inability to finance and 
trunk sewers that are too small for 
the additional load. The latter prob 
lem can be solved sometimes by re 
quiring the new addition to put in 
separate, instead of combined, sew 
eTs. 

Within recent years there have 
been several laws enacted which sim 
plify the financing problem. Some of 
these are: 

a. A supplement to the sewer 
charge act now permits the issuance of 
revenue bonds to finance local sewers and 
the levying of a connection charge on the 
properties served by these sewers. The sew 
er service charge and revenue bond act is 
the law used almost exclusively to finance 
municipal sewage treatment works. Works 
financed under the law may be constructed 
inside and outside the corporate limits. 
However, since it is the intent of the law 
to provide a means of financing the disposal 
of a municipality’s sewage, the sewage of a 
subdivision outside the corporate limits 
must be brought to the city’s sewers 
through works financed by the developer 
or the area must be annexed to the city. 
(Sec. 48-4301 et seq; Supplemental act, Sec 
48-4339, Burns Indiana Statutes—1950 Re 
placement ) 


service 


b. A law enacted in 1949 as a supple 
ment to the Barrett Law (Indiana’s Spe- 
cial Assessment Law) improves the ability 
of cities to finance local sewers by the spe- 
cial assessment method. The city council 
may by ordinance declare the percentage of 
the cost of the sewer project that is of 
general benefit to the city and particular 
benefit to the property owners served. The 
city assumes the primary responsibility for 
the full payment of principal and interest 
of the bonds issued to finance the project. 
Since the contractor is paid in cash the dis- 
advantages of payment in Barrett Law 
bonds are eliminated. (Sections 48-4431 
and 48-4432, Burns Indiana Statutes—1950 
Replacement ) 


c. A 1955 act permits contracts with 
owners or lessees of property in the vicinity 
of cities for the provision of municipal 
services. In return for such _ services 
the city receives payments in lieu of 
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taxes. The contracts may run for 15 
years in first and second class cities and 
for four years in the case of others. This 
permits a city to provide sewer service to 
an industry, or to a housing developer. 
(Section 48-701, Burns Indiana Statutes— 
1955 Cumulative Pocket Supplement) 

d. Another 1955 act permits any Board 
of Works to contract with any owner of 
real estate within four miles of the corpo- 
rate limits for the construction of sewers, 
pumping stations and sewage treatment 
works. The contract must contain a release 
of the right to remonstrate against annexa 
tion. The important feature is that the 
party who pays for the original works may 
be reimbursed by anyone who connects to 
the system within 15 years. (Section 48 
3938, Burns Indiana Statutes—1955 Cumu- 
lative Pocket Supplement ) 


Sewage And Waste Treatment 

Waste treatment is supervised by 
the Stream Pollution Control Board. 
The work of the Board is done by 
engineers of the State Board of 
Health. Its program is based on three 
essential principles : 

1. Prohibit new sources of pol 
lution. The Board does not 
approve plans for new sewer 
systems or new industrial 
waste outlets unless adequate 
treatment is provided. 

The elimination of existing 
pollution. 
Utilization of receiving wa- 
ters for the assimilation of 
treated sewage and industrial 
waste as long as it does not 
interfere with any other bene- 
ficial water use. 
The other states in the Great Lakes 
Region and the Ohio Basin are en- 
forcing essentially the same type of 
program. 


Municipal Sewage 


At present better than 80 per cent 
of all the sewered population of Indi- 
ana is connected to sewage treatment 
plants. As might be expected the per- 
centage of larger municipalities hav- 
ing sewage treatment plants is much 
greater than the percentage of the 
towns, since the Board’s program of 
the last several years has been di- 
rected primarily to the larger sources 
of pollution. 

Currently some cities with a popu- 
lation of more than 10,000 have over- 
loaded sewage treatment works; 
others are nearing capacity. Many 
still require extensive relief sewer 
work ; seven have no treatment plants 
at all. The problem of the future re- 
solves itself into expanding sewage 
treatment works and relieving over- 
loaded sewers. 

In the 2,500 to 10,000 population 
bracket there are 45 cities with sew- 
age treatment plants and 26 munici- 
palities without them. Ten of the 
existing treatment plants are over- 
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loaded. Sewers in the smaller munici- 


palities may not cover the entire town, 
hence the problem of these cities in 
the future is three-fold: (1) Exten 


sion of (2) enlargement of 
sewage treatment plants, and (3) in- 


sewers. 


stallation of sewage treatment plants 
where they are not available 

There are 
Indiana with a population less than 
2,500 that 
treatment. In 


35 cities and towns in 


have sewers and sewage 
this population bracket 
there are 118 municipalities with sew 
ers and no sewage treatment. In 
many cases sewers in these areas may 
serve only 50 to 60 per cent of the 
town. Hence, their problem resolves 
the 
system and the installation of sewage 


wi rks. 


itself into rounding out sewer 


treatment 


Industrial Wastes in City Sewers 


The matter of handling industrial 
waste in municipal sewer systems and 
municipal sewage treatment works 1s 
one which deserves careful attention 
While the Stream Pollution Control 
Board recognizes this is a matter 
which must be settled at the local lev- 
el, it has some definite views on the 
subject. As a general policy the Board 


prefers to see industrial waste han 
dled at municipal sewage treatment 


plants, if this 


done without 
plant o 
It prefers this approach 
that 


waste 


can be 
jeopardizing the treatment 
the stream 
has indicated 
industrial 

not consistently 
operated at peak efficiency. And the 
fewer treatment plants you have the 
Con 
sequently in the case of any new in 
dustrial location the ask 
that the possibilities of connection to 


since experience 


some sewage and 


treatment works are 


fewer there are to cause trouble 


Board will 


city sewers be explored before in 
dustrial waste treatment facilities are 
designed if it appears that the quanti 
ty and characteristics of the industrial 
amenable to treatment in 
the city sewage treatment plant. Ob 
viously 


waste are 


there is no rule of thumb or 
standard 
this 


criterion for a problem of 
Each case must be treated 


individually 


sort 


Policies within the cities and towns 
on the handling of industrial waste 
vary widely. Some city officials go 
overboard and are willing to accept 
and all industrial 
lean as far in the other direction and 
don’t want anything. 

We quite frequently find city offi- 
cials do not work closely enough with 
industry in the early stages of indus- 


any waste. Others 
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trial plant location. An industry will 
receive a promise the city will take 
care of its waste. Then it will learn 
the city was thinking only of sani- 
tary sewage and is not in a position 
to handle industrial wastes. In many 
cases, sewers near the industrial site 
may be too small. But it is frequent- 
ly cheaper to build some sewers than 
to build elaborate industrial waste 
treatment works. In some cases sepa- 
of cooling water may be all 
Sasically it is sound 
to consider a minimum of 
and in many instances three, 
sewer systems within an industrial es- 
tablishment. 

The fact that a city sewage treat- 
ment plant is near its rated capacity 
not necessarily mean a city 
should not take on a sizable amount 
of industrial Like all other 
things associated with mass produc- 


ration 
that 
practice 


1S needed. 


two, 


fat Cs 
waste. 


tion a gallon of sewage or waste can 
be treated for less money in a large 
plant than in a small plant. Conse- 
quently, it may be to the advantage 
of both parties to expand the city 
sewage treatment plant rather than 
build a separate industrial waste 
treatment plant. Obviously the in- 
dustry should pay its just share of 
the cost of expansion. This will usu- 
ally be cheaper for the industry than 
its own treatment works would be. 


Separate Industrial 
Waste Treatment 

There are many industries which 
produce such large volumes of waste 
that they cannot be handled in a mu- 
nicipal treatment plant. Examples are 
the primary metal industries (65,000 
gallons of water per ton of steel) ; 
petroleum refineries (18 gal of wa- 
ter per gal of oil); pulp mills; dis- 
chemical plants; large meat 
and vegetable packers ; and large milk 
plants. Since many of these industries 
produce very strong wastes, and a 
few of them toxic wastes, they are 
also restricted in location to sites ac- 
cessible to large streams in order to 
keep the cost of treatment from be- 
coming prohibitive. 

The polluting effects of the majori- 
ty of these wastes are due to their or- 
ganic constituents. It is organic ma- 
terial that usually uses up the oxygen 
in a stream, thereby causing it to be- 
come black, foul-smelling and unfit 
for livestock or fish life. Treatment 
processes will remove from 30 to 95 
per cent of the organic material in 
waste so the amount of dilution wa- 


tilleries : 


ter in the stream determines the de- 
gree of treatment that is required. 
Since no treatment process removes 
100 per cent of the organic material 
we cannot expect satisfactory condi- 
tions in a small stream which receives 
large quantities of even highly treated 
wastes. 

The development of nuclear reac- 
tors will bring us face to face with the 
most toxic material ever handled by 
man. Unlike other pollutants you 
can't kill radioactivity by chemical or 
biological treatment. All that can be 
done with the intermediate and high 
level wastes is concentrate them and 
hold them in safe keeping until na- 
tural radioactive decay makes them 
harmless. In the case of a few ele- 
ments this is a matter of a few hun- 
dred years! Some of the low level 
wastes, with relatively short half-life, 
can be held for short periods to per- 
mit some natural decay and then be 
disposed of by dilution. This, plus the 
large quantities of water usually need- 
ed for cooling, pretty well fixes the 
location of large reactors to sites on 
large streams. 


Considerations 
Of Importance 


Space will not permit a complete 
dissertation on the handling of indus- 
trial wastes. They must be properly 
handled if we are to preserve Indi- 
ana’s waters for future generations. 
All persons involved in_ industrial 
plant location should keep the follow- 
ing items in mind: 


1. Industries that produce large 
quantities of waste, or have highly 
potent wastes, should locate on large 
bodies of water. 


2. The uses to which water are put 
downstream from an industrial out 
let have an important bearing on the 
degree of treatment required. Exam- 
ple—greater quantities of taste-pro- 
ducing compounds may go into a riv- 
er downstream from a water works 
intake than into the same river above 
the intake. 


3. Areas where water supply is 
short, or where summer stream flows 
are low, should look for industries 
which produce small quantities of 
wastes. 


4. The Stream Pollution Control 
Board should be consulted before in- 
dustrial sites are definitely chosen in 
the case of all industries that produce 
wastes in quantity. We will keep the 
information confidential. Sometimes 
a given industry can be easily accom- 
modated on one side of town whereas 
location on the other will bring on 
exorbitant waste disposal costs. 





WHLRER PROCES 


Equipment for All Water, Sewage and 
Waste Treatment Processes 


WATER TREATMENT 


CLARIFLOW —a short retention, vertical rise 
clarification unit combining chemical homo- 
genizing, flocculation, clarification and positive 
sludge removal for softening and turbidity, 
color and algea removal. Designed for rectan- 
gular, square or circular basins. 


CARBALL—produces a clean, tasteless CO, 
gas for carbonation. Burns either oil or gas at 
high temperature and pressure resulting in 
dry, clean CO, suitable for direct diffusion into 
carbonation chamber. 


SEWAGE AND WASTE TREATMENT 


HEAT-X—a complete diges- gas, singly or in combination. 
ter sludge heating unit includ- Absolute and independent 
ing heat exchanger, boiler, control over each function of 
burner and allcontrols. Burns _ sludge heating. 


sewage gas, oil and natural DIFFUSAIR—aeration equip- 
ment for mixing and oxygena- 
tion of tank liquors. Self 
cleaning air Spargers do not 
clog or cause back pressure 
build-up on blowers. High rate 
tank turn-over and oxygena- 
tion results in greater plant 
capacity. 


LIQUIDS 


INDUSTRIAL THICKENER—adapts COLLECTORS—for sludge removal in 
the CLARIFLOW principle to blast fur- _ rectangular, square or circular sedimenta- 
nace flue dust thickening, oil separation, tion basins. Wide range of capacities and 


paper stock reclamation and other applica- 
tions. Permits reuse of process water and 
reclamation of valuable waste on many in- 
dustrial installations. 


sizes to meet all water, sewage and indus- 
trial treatment requirements. Designed to 
suit the most exacting specifications. 


WALKER PROCESS EQUIPMENT INC. «+ Aurora, Illinois 
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alkali-resistant / 
crack-proof 





T- lock’ 
sewer 
lining 


prevents 


hydrogen 


sulfide 


attack... 


MILLIONS OF SQUARE FEET NOW IN USE! T-Lock Amer-Plate 
permanently ends corrosion in concrete sewer systems—because 
it is impervious to hydrogen sulfide, other sewer gases, fungus, 
bacteria, acids, alkalies and salts. 

T-Lock is an extremely dense, flexible, crack-proof liner of high 
polymer vinyl resin. Integral T-shaped ribs are permanently locked 
into concrete during pouring. Joints are heat-fused to form a con- 
tinuous protective lining that will not separate from the concrete 
even under extreme back pressure. 

Over 3 million square feet of T-Lock Amer-Plate have been 
installed in pre-cast, cast-in-place and monolithic sewer structures 
of all sizes with no sacrifice of structural strength — at costs 
comparable to earlier lining methods. 

Illustrated brochure and list of typical installations on request. 

Houston, Tex. 


Jacksonville, Fla 
Kenilworth, NJ 


Evanston, Ill ® CORPORATION, Dept. WE 


4809 Firestone Bivd., South Gate, Calif. 


Readily adaptable to complex forms T-Lock in place on inner form 
for cast-in-place structures. before pipe is poured. 
tT ° . °. 


- : 3 
f : 


_ 





Control of Hydrogen Sulfide in Sewers 


ANY ENGINEERS, when they 

see the type of corrosion that 
sometimes occurs in sewers, become 
afraid of the sulfide situation. It is 
very difficult to reason with fear. An 
educational program is needed to 
make the facts known. 


Sulfide Generation 

Sulfides are generated in sewage 
when it becomes devoid of oxygen and 
sufficient biochemical action occurs so 
that the bacteria begin to reduce sul- 
fate to sulfide. To think of it in a sim- 
ple way, glossing over the interme- 
diate steps that may be involved, it can 
be considered that the sulfate ion is 
SO,. It may also be considered that 
bacteria need oxygen and, when they 
no longer can get free oxygen from 
the atmosphere or dissolved oxygen 
from the stream of water, they will 


by RICHARD D. POMEROY 


ting Chemical Engineer 


take oxygen away from sulfates. In 
place of sulfate ions, this will leave 
sulfide ions, which hydrolize to hydro- 
gen sulfide, H2S. 

The hydrogen sulfide itself is not 
corrosive to concrete, but the hydro- 
gen sulfide may come out of the sew- 
age stream and be oxidized on the 
walls of the sewer above the water to 
H»eSO,, which is sulfuric acid. On 
concrete surfaces the sulfuric acid 
concentrations will not become very 
high because it will react with the 
concrete. On a resistant surface the 
concentration will grow considerably 
higher. 

Enough is known about the factors 
controlling the formation of hydrogen 
sulfide so that in many cases it is possi- 
ble to calculate how much will be pro- 
duced. In a force main, where there is 
no chance for the sewage to be in con- 
tact with air, there is no surface aera- 
tion. In such a situation there will be a 


“> 


f Pasedena, Calif 


build-up of sulfides, even if the sew- 
age is fairly weak and even if the 
sewage is quite cold, whereas sulfide 
build-up might not occur in a -free- 
flowing stream. One can calculate 
quite accurately the amount of sulfide 
that will be formed in a force main. 
It is proportional to the strength of 
the sewage and also is a function of 
the temperature and the inside area 
of the pipe. 

In a free-flowing sewer there will be 
no sulfide formation if the sewage 
gets enough oxygen from the atmo- 
sphere above the flowing stream. Sev- 
eral things determine whether or not 
the sewage gets enough oxygen. First, 
there is the oxygen requirement of 
the sewage, dependent upon the 
strength or the B.O.D. of the sewage 
and the temperature. Secondly, there 
is a rate at which oxygen can be ab- 
sorbed from the interface between the 
liquid and the atmosphere, which is 


SEWER FAILURE: The result of acid attack of reinforced concrete, created by hydrogen sulfide gas 
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NO RESPECTER of materials, sulfides and sulfide gas were responsible for corrosion of steel sewer (left); a pump impeller 


(center); cast iron pipe (right) 


determined principally by the velocity 
of flow. An exact determination of the 
marginal flow conditions to provide 
just enough oxygen to prevent sulfide 
build-up involved a number of fac- 
tors. For sewers flowing less than half 
full a simple approximation relates 


the required velocity of flow to the 


B.O.D. and the temperature. This is 
expressed by 


~T .20 


B.O.D.) 1.07 55v° 


where T is the Centigrade tem 
perature and v is velocity in feet per 
second. If the required velocity is at- 
tained when the sewer is flowing at, 
let us say, 20 per cent of the capacity 
of the full pipe, then satisfactory con- 
ditions will also prevail at all higher 
flows up to 80 per cent of capacity. 

In some sewers the flows in the 
initial years of use may be very small. 
Che velocities under these conditions 
must be considered if possible sulfide 
concentrations are to be fully pre- 
dicted. 

The simple equation relating veloc- 
ity, B.O.D. and temperature has been 
used as a criterion of design to an in- 
creasing extent over a period of 15 
years. In no place where the design 
has been calculated to give the requi 
site velocities has there been any sig- 
nificant amount of corrosion 

When septic sewage is discharged 
from a collecting system, an Imhoff 
tank, or from septic tanks, into an 
outfall on a steep grade, it should be 
treated before it goes into the sewer. 

It would be desirable to design sew- 
er systems so that there will be a mini- 
mum of turbulence at points where 
force mains discharge into gravity 
flow lines or manholes. 
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The sulfate content of the water 
supply does not determine whether or 
not there will be hydrogen sulfide gen- 
eration. Any sewage has enough sul- 
fate in it, even though the water sup- 
ply has none, so that extremely bad 
conditions can develop. Experiments 
on sulfide generation from varying 
sulfate concentrations invariably show 
that sulfate concentrations have very 
little to do with the amount of sulfide 


WHAT HAPPENS to rungs of manhole 
ladders where sulfide gas attack is heavy 


WHAT HAPPENS to cast-iron pipe car- 
rying high sulfide septic sewage for six 
years 


generated, with this qualification : sul- 
fide is generated until all of the sulfate 
is used up; then no more sulfide can 
be generated. 

Sulfate attack on concrete which 
occurs in high alkali soils is not the 
same as the acid attack in sewers. 

The use of Type V cement is not a 
remedy to the hydrogen sulfide prob- 
lem. 


What to Do About Sulfides 

The following are some of the 
things that might be taken into account 
in preventing or controlling sulfide 
build-up. 

First, there is the proper design of 
the system. Considering the factors 
which cause the generation of hydro- 
gen sulfide—temperature, B.O.D., and 
velocity or turbulence—the system can 
be designed to eliminate one or more 
of the links in the chain of reaction 
and thus prevent hydrogen sulfide 
problems. It is sometimes heart-break- 
ing to go to a community and see a 
system that has been designed with no 
forethought in respect to the sulfide 
conditions. It isn’t always possible to 
design to avoid sulfide build-up, but 
certainly the design should be made 
with careful consideration of the sul- 
fide problem. 

Since one cannot always design so 
that there will never be any sulfide 
generation, numerous other things 
which can be done about sulfides must 
be kept in mind. One of the most com- 
mon causes of bad sulfide conditions is 
long sewer force mains where the sew- 
age is retained out of contact with air. 
A method which can very commonly 
be used to decrease, or perhaps entire- 
ly eliminate, the generation of sulfides 





PRESSTITE 


PRESSTITE’S 
COLD APPLIED 3-STEP 
SEWER JOINT SEALING SYSTEM 


PRIMER 
HARD BASE ASPHALT 
PRIMING PAINT 
Bell and spigot ends of pipes are 
painted 24 hours before laying. Greatly 


improves bond between pipe and 
joint sealing compound. 


ROPAX® 
NON-POROUS, ADHESIVE 
SEWER JOINT 
PACKING 
Forms solid seal impervious to 


passage of water. Provides additional 
joint sealing material. 


KALKTITE® 
COLD-APPLIED ASPHALTIC 
SEWER JOINT CEMENT 
Cold-mixed, cold-applied. Sets up 
internally under the most adverse conditions. 
Forms dense, tough, flexible seal that 
keeps water out! 


WRITE for the full story ...a 20-page catalog describing the 
Presstite Sewer Joint Sealing System, data and specifications. 


PRESSTITE 


Seaiine Comerouneos 


A DIVISION OF AMERICAN-MARIETTA COMPANY 
3908 CHOUTEAU AVENUE, ST. LOUIS 10, MISSOURI 
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Can Resist 


With 1 out of 8 families* now using garbage grinders, and 
the number increasing steadily, more and more commun- 
ities are realizing the necessity of Clay Pipe sewage lines. 


HERE'S WHY: 


INCREASED SULPHIDE ii i 
Many experts claim ground 


ACTIVITY garbage causes an increase 
in sulphide activity, harmful 
to most pipe. Clay Pipe is impervious to sulphides. 




















RISING TEMPERATURES pret hr ee celle 


increase in temperature 
which has a softening effect 
on certain types of pipe. Clay pipe is unaffected by heat. 


4 Ey 
ACCUMULATED SOLIDS Ground garbage particles” 


tend to pocket in sewer lines, 
creating acids and gases 
which corrode most types of 


nine: Clay Pipe is unharmed by corrosives. 























If your community is joining the swing to modern, convenient garbage 
grinders, be sure to specify and install Clay Pipe sewers! It’s the one 
type of pipe that is unaffected by heat, acids or gases. It’s your 
insurance against future sewer line failures. Jt never wears out. 


*American City Magazine Survey 


NATIONAL CLAY PIPE 

THE PUBLIC MANUFACTURERS, INC. 
KMOW? on 1820 N. Street, N.W., Washington 6, D.C. 
x 206 Connally Bidg., Atlonta 3, Ga. + 100 

CLAY PIPE IS BEST N. LaSalle St., Rm. 2100, Chicago 2, tll. 
+ 703 Ninth & Hill Bidg. Los Angeles 15, 


Calif. « ——— 
Columbus 15, Ohio 
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in a sewer force main is to pump com- 
pressed air into it. This cannot always 
be applied and will not always be 
effective, but there are many situations 
where it is completely effective. 

After a poorly designed system is 
constructed, it is up to the mainte- 
nance department to see what it can do 
to relieve the situation. There are a 
number of things which can be done. 
Cleaning of the sewers and proper 
maintenance in general is extremely 
important. The city of Long Beach, 
California, which used to have an ex- 
tremely bad sulfide condition, has 
licked that completely by a sewer 
cleaning program. 

Cities are finding that they have to 
give attention to the maintenance of 
sewers. There have been some law 
suits in which a city was sued because 
sewage backed up and flooded a base- 
ment. The courts have held that it is 
not sufficient for the city to say that 
they didn’t know that there was a 
stoppage. It is the responsibility of the 
city to inspect and maintain the sew- 
ers, because of the fact that that sort 
ot thing can happen. 

A program like that requires a good 
maintenance man and a regular pro- 
gram of cleaning. Some lines are 
cleaned of slimes every year; some 
lines may go for two or three years, 
depending on how much has accumu- 
lated. It may be worthwhile in some 
force mains to run a cleaning ball 
through the line every few months to 
aid the hydraulics of the system as 
well as to prevent sulfide build-up. It 
is an easy thing to do. If a sewer is 
cleaned often, it doesn’t cost much to 
clean it. 

In some places, the generation of 
sulfide is controlled by intermittent 
treatment of the sewer with an agent 
which will kill and clean out the slimes. 
[he most practical of these is prob- 
ably lime. A dosage of 6,000 to 10,000 
ppm is put into the sewer over a period 
of about 45 minutes once or twice a 
week. This will keep sulfide gener- 
ation down fairly well. Sulfuric acid 
also has been used. In one place, it has 
been used in a line intermittently for 
eight or ten years, principally to elim- 
inate carbonate scale. Once a week a 
load of sulfuric acid is put into the 
plant; it also keeps down the sulfide 
generation to a large degree. The 
tanks there are made of concrete, in- 
cidentally. 

Other chemicals that are used at 
times are chlorine, sodium nitrate, and 
in some instances metallic salts. Chlo- 
rine is rather expensive, but will do 
the job if used in sufficient amount. 

In some places structures are being 
protected by putting a little ammonia 
in the atmosphere. [he largest instal- 





(Photos courtesy of Flezible, Inc.) 


Whether done by machine power (upper) or hand power (lower), cleaning of sewers 
is a “must” if hydrogen sulfide formation is involved 


lation of this sort is at the sewage 
treatment plant of the City of Los An- 
geles. In manholes and some other 
small structures, protection is obtained 
by hanging a can of animonium car- 
bonate with a few holes punched in it. 
When the ammonium carbonate evap- 
orates, it neutralizes the acidity on the 
concrete walls and does the job of pro- 
tecting in this manner. (The ammonia- 
tion process is patented but not ex- 
pensive. ) 

[f ammonium carbonate is supplied 
at a manhole, the ammonia will drift 
into the pipe as far as the hydrogen 
sulfide produced by turbulence at that 
manhole will drift. How far this will 
be depends on the slope and the diam- 
eter of the pipe. 

Other measures that are used are: 
control of industrial wastes or control 
of the B.O.D. of the sewage, dilution 
of the sewage ii sufficient water is 
available, or even the use of industrial 
wastes which might be used for sulfide 
control. The particular situation 
should be studied for the best solution. 


Cements, Aggregates and Coatings 


Sulfuric acid will react with any 
cement which depends upon calcium 
silicates and aluminates for cementa- 
tion. 

Sulfuric acid reacts with the cement 
in concrete, rather than with the sand 
or gravel, when ordinary river sand 
and natural gravel are used. The fac- 
tors which govern these reactions with 
concrete affect the cement in cement- 
asbestos pipe the same way. Any type 
of Portland cement will react with sul- 
furic acid. The rate of penetration 
may vary, however, because this de- 
pends upon the amount of material 
present to react with the acid. Con- 
crete with sand and aggregates which 
will react with acid will deteriorate 
more slowly than concrete in which 
only the cement is reactive. 


One thing which might be done 
where strong acids are present in a 
sewer is to increase the wall thick- 
ness of the pipe. This means adding 
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an extra inch or so to the wall of 
the pipe, and placing the inside cage 
of steel one inch farther back from the 
inside surface of the pipe. In most 
sewers it will take 100 years for sul- 
hide attack to penetrate an inch of con- 
crete. It is reasonable to allow such 
corrosion. It is done in other struc- 
tures, such as cast iron, where some 
corrosion is expected under certain 
conditions and allowance is made for 
it. It must be understood, however, 
that this suggestion of extra thickness 
is only meant for cases where sulfide 
prospects have been evaluated and 
where it is shown that the extra thick- 
ness is necessary and adequate. 

here is in existence a sewer where 
the concrete has suffered badly, but 
where acid-proof brick and acid-proof 
cement in the manholes has stood up 
for at least twelve years with virtually 
no deterioration. In some other places 
acid-proof cement has been used as a 
pointing for mortar between bricks to 
a depth of about an inch, but the acid 
diffuses through to the cement behind 
and pushes the acid-proof cement 
pointing right out. 

A lot of thought has been given to 
protecting the surface of concrete 


with coatings of various sorts. The use 
of vitrified clay liner plates to protect 
the inside of concrete sewers was 
thought to have great possibilities. In- 


stallations of this kind were made in 
Los Angeles in the 1920’s and 1930's. 
\fter three or four years many of the 
liner plates fell off. Some of them were 
split or otherwise damaged. It was 
concluded that sulfuric acid formed on 
the walls of the sewers and simply 
permeated through the liners and at- 
tacked the concrete behind them. 

[It was then thought that by putting 
a ceramic glaze on the clay the prob- 
lem might be solved. The author re- 
cently made an inspection of six miles 
of sewer which was built twelve years 
ago. About % of the plates were off 
or damaged to some extent. It was 
found that these plates, while superior 
to earlier ones, still had some porosity. 
Some of them had become cracked 
and in some places the jointing was 
imperfect. The clay pipe companies 
are still working on the problem of 
producing a sufficiently impermiable 
lining, and have made considerable 


progress. 


\s to painted, sprayed or spun 
oatings on pipe, there are many differ- 
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ent kinds that might be put on. In the 
water works field, the best coating for 
the inside of a steel pipeline seems to 
be a very carefully applied coal tar 
enamel. In sewage, if there is no sul- 
fide involved it probably would stand 
up about as well as it would in a water 
main, which might be for a consider- 
able number of years. If there is acid 
present, the resistance of such a coat- 
mg would be doubtful. 

The trouble is that if one of those 
protective coatings is put on it has to 
be practically perfect in order to serve 
its purpose. If there is the tiniest flaw 
somewhere, the acid which cannot 
react on the surrounding surfaces will 
tend to get into that flaw and will eat 
in particularly fast. 

As to whether flaws would develop 
in a coal tar coating due to flexing of 
the pipe—that depends on the coal tar. 
There is the possibility of flaws devel- 
oping from mechanical damage or im- 
perfections. If there are such flaws, 
the pipe would suffer damage from 
sulfuric acid with deeper penetration 
than it would in the absence of any 
coating at all. 

If a coating is to be put on either 
concrete or steel, the engineer must be 
sure that it is going to last. The possi- 
ble resistance of coal tar enamel to 
long immersion in sulfuric acid is not 
adequately known. Sewers must last 
for a very long time. Repair or re- 
placement of a coating cannot be done 
very easily. It can be done more easily 
in a water main where, usually, the 
water can be shut off for a while. Sew- 
age just keeps on coming every day. 
Coal tar enamel may be used, but it 
should be only after careful investiga- 
tion of whether it will permanently 
protect the pipe against, say, 10 per 
cent sulfuric acid, and what the pros- 
pects will be of repairing it if any 
flaws do develop. 

Asphalt base coatings cannot be ex- 
pected to be effective. Water can per- 
meate asphalt. If the water is very 
corrosive, it may be only a few 
months until an asphalt lining on pipe 
loosens and comes off in big sheets. 
The author recently tested the asphalt 
in one such case. It showed 15 per 
cent of water in the asphalt, even with 
the surface wiped dry. Let the asphalt 
dry out for a while and the water is 
gone. Soak it in water and it takes up 
the water again. The City of Los An- 
geles, in some tests, has reported that 


asphalt has taken up water until it 
reaches about 37 per cent of the 
weight of the asphalt. 

If water can diffuse through as- 
phalt, sulfuric acid can too. For that 
reason, one cannot expect asphalt to 
provide any satisfactory degree of 
protection for metal or concrete 
against the attack of strong acids. Ex- 
perience has shown that it cannot 
serve that purpose 


Small-Diameter Concrete Pipe 
for Sewers 


Some engineers have for many 
years specified large-diameter con- 
crete pipe for sanitary sewers, but are 
reluctant to specify it in the smaller 
sizes. 

Sanitary engineers use concrete 
pipe in the large sizes anyway. In the 
Los Angeles County Sanitation Dis- 
tricts, which constitute a wholesale col- 
lection and disposal agency, and 
whose sewers go down to about 12 
inches in size, concrete pipe has been 
put in for several years and they are 
having no difficulty. 

In sizes smaller than 12 inches the 
economic advantage of concrete pipe 
is not so great as in the larger sizes. 
There is a disposition on the part of 
some engineers to make blanket rul- 
ings against concrete pipe in such 
sizes. In some cities or in parts of 
some cities there are places where 
there is too much uncertainty about 
possible future service conditions to 
make it practical to distinguish be- 
tween the sewers which should be 
made of concrete and those which 
should be made of clay, but large 
scale banning of concrete pipe, even 
in small sizes, may do a great injus- 
tice to concrete pipe as well as to the 
taxpayers who must pay the cost. 
Thus, in one city there are a series of 
lines running down a sloping terrain 
at slopes of 1 per cent or more. Some 
of these are of concrete and they 
show no deterioration after 25 years. 
There are other parts of the city 
where flat grades and other adverse 
conditions caused sulfide generation. 
It would be unfair and uneconomical 
for a city of this sort to make a 
blanket ruling which would prevent 
the use of concrete pipe on the good 
slopes just because concrete pipe 
under some other conditions may suf- 
fer corrosion. 
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NATIONWIDE SEWER & WATER PIPE CLEANING CONTRACTORS 
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CUSTOM-MADE EQUIPMENT AN N.P.R.C. CONTRACT 
Ce. ma MANNED BY TRAINED CREWS BENEFITS YOU TWO WAYS 
¢ You take a vacation from First. . . your city or munici- 


AN N.P.R.C. CONTRACT = worry when you contract with pality saves money. The spe- 
GIVES YOU CONTROL N.P.R.C. New, custom-made alized ; ae 
Know the facts BEFORE the and patented equipment run ee ee ee 
job is started... know when _ by trained crews and super- 
it begins, know what IS going vised by experts solve your know-how brings speedy effi- 

to be done, know the results, . . ; : 
asian hia © alk Wl alt te pipe problems. Modern meth ciency. to the job. Secondly 
“ys ods, modern know-how, na- 
an N.P.R.C. contract. This in- 4 i ickl 
formation means lower costs, tionwide experience QuICKIY 
produce the results stipulated 


maximum efficiency, guaran- ; a 
teed results. in the N.P.R.C. contract. tails arising from a local job. 


trained crews, the modern 


. you save yourself the 


needless worry of countless de- 


FIND OUT FOR YOURSELF ... CONTACT... @ WRITE e@ WIRE 
THEN CONTRACT WITH N.P.R.C.—ALL JOBS @ CALL COLLECT 
FULLY GUARANTEED No obligation, of course. 


National Power Rodding Corporation 


1000 SOUTH WESTERN AVENUE ° CHICAGO 12, ILLINOIS 
DEPT. W PHONE MOnroe 6-7700 


A complete service for cleaning, reboring and bucketing pipes and ducts underground, above ground, anywhere 
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quality effluent 
at Low cost 

from the INFILCO 
sewage treatment 
line 
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General Offices « Tucson, Arizona «+ P.O. Box 5033 
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These are only a few of the products for sewage and waste 
treatment in the complete INFILco line. It includes plants and 
equipment to meet your every need. Improved processes 
utilizing INFrLco equipment permit extremely fast, 

efficient and economical operation. 

The Inr1co line will give you the results you want in far less 
time and at lower overall cost than any ordinary equipment. 
Write today for bulletins of interest to you. Inquiries are 
invited on all problems in the treatment of waters, sewage 
and wastes for rnunicipalities, institutions, general industry. 


See your Consulting Engineer. If you are planning installation 
of any major equipment, the services of a reliable Consulting 
Engineer can be invaluable. He will help you select the type of 
equipment that best meets your requirements and budget, 

and supervise its installation for maximum efficiency. 


THE ONLY COMPANY impartially offering equipment for ALL types of water and waste processing — coagulation, 
precipitation, sedimentation, flotation, filtration, ion exchange and biological treatment. 





AERO-ACCELATOR 


activated sludge plants 

compact and efficient 

High-rate, multipurpose unit. Rapid, 
continuous biological action and 
clarification, efficient operation at 
high loadings, stability under shock 
conditions. Low total installed cost. 
Bulletin 6510 


BIOSORPTION * 


system units twice as fast— 
save half the space 

Improved activated sludge plant 
treats sewage in about 5 hrs. as 
compared to 10-12 hrs. for 
traditional equipment. Very 
compact, economical to install. 
Bulletin 6550 


CLARIFIERS 


for high rate treatment 
provide optimum efficiency 

— save time and space 

Remove suspended solids and surface 
scum from liquids. Velocity control, 
advanced scraper blade design, efficient 
drive, automatic skimmer. Full range 
of models. Bulletin 800/6000 


CYCLATOR* 


clarifier, Type AR, for 

many waste applications 

Treats domestic sewage by biological 
oxidation. Combines pre-aeration, 
mixing, sedimentation and discharge 

in one operation. Basin has central 
compartment containing COLAFLEX® 
diffusers in which sewage is mixed, 
aerated and coagulated. Bulletin 850 


SEDIFLOTOR® 


clarifiers provide both sedimentation 
and flotation in one compact unit 
Where space is limited and high-rate 
production a must this unit is ideal 

for removing both floatable materials 
and settleable solids. Bulletin 6051 



































































Sedimentation Units 


Partner, Metcalf & Eddy, Cons. Engrs., 


EDIMENTATION tanks have 
been designed in both rectangular 
and circular shape. Proponents of 
each design have their arguments and 
it is not the purpose of this article 
to comment on the merits of either. 


Rectangular Tanks 


Equipment of this type is in a 
highly competitive field. For fair com- 
petition and in order to obtain the 
best equipmént available with reason- 
able assurance of satisfactory opera- 
tion and long life, it is desirable to 
specify the equipment in considerable 
detail. Manufacturers of this type of 
equipment include Chain Belt Co., 
Jeffrey Manufacturing Co., Link Belt 

, and Walker Process E \quipment 
Co. 


Chain and Flight Construction 


Mechanisms include chains, flights, 
sprockets, shafts, and drive unit. The 
chains should be rugged and durable. 
Specifications commonly require that 
the chains be for the pintle type and 
made of processed malleable iron such 
as “Supermal,” “Promal” or “Z- 
metal” with an ultimate tensile 
strength of not less than 70,000 psi. 
(pounds per square inch). The re- 
quired working strength of the chain 
can be readily determined by consulta- 
tion with the manufacturers and 
should be included in the specification 
so that all will quote on the same 
basis. Chains have been supplied with 
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copper-bearing riveted steel pins. 
There is evidence that these pins wear 
and produce excessive elongation re- 
sulting in wear on the sprockets. Re- 
cently some of the manufacturers have 
recommended that the pins be of 
hardened steel. 

Attachments for the chains to the 
flights at one time were commonly 
designed for bolting to part depth 
of the flight. There has accumulated 
some evidence of the flights splitting 
under this condition, longitudinally 
beyond the attachments. Some man 
ufacturers recommend a full depth 
flight attachment in order to strength 
en the flights against this splitting 
3ecause of the competitive situation, 
it is necessary to specify the full depth 
attachment if it is desired. 

Flights are commonly specified to 
be of redwood. For the smaller tanks, 
sizes of 154 by 5% in. dressed, are 
suitable. For some of the larger tanks 
sizes of 254 by 75¢ in. dressed, appear 
advisable. The flights ride on rails 
embedded in the bottom of the tank 
for the collection of sludge and upon 
angles supported from the sides of the 
tank for the return flight. Wearing 
shoes are provided on the flights 
Johnson’ reported that replacement of 
these wearing shoes caused excessive 
labor and expense and recommended 
removable wearing shoes as illustrated 
in Fig. 1 of his paper. We have 
adopted this as standard construction 
and our specifications require that 











Toledo, Ohio—Link-Belt Straight Line Collectors 


Boston, Mass. 


“The flights shall be provided with 
chilled cast-iron wearing shoes in- 
serted into malleable-iron holders 
bolted to the flights at points of con- 
tact with rails in the tank bottom and 
with supporting angles.” The castings 
must be of such workmanship that 
the removable shoe will not shake 
during ordinary operation of 
the flights. 

At the Minneapolis-St. Paul sew 
age treatment plant as reported to 
the writer by Kerwin L. Mick, Chief 
Engineer and Superintendent of the 
plant, the best answer to the shoe- 
wear problem, under the conditions 
at that plant, is the application by 
welding of two “Stellite” strips about 
¥¢ in. wide and about 2 to 2% in. 
apart on each shoe. He reports that 
the wear on the bottom rails set in 
the concrete is not excessive and when 
it does occur, the situation is easily 
remedied by spot welding flat ‘steel 
strips on top of the original rail. Some 
of such work was required in 1947 
after seven years of operation with 
the “Stellite” strips. 

Material improvements have been 
made in the sprockets. The “hunting 
tooth” or “extended life” sprockets 
are claimed to reduce wear on sprock- 
ets by about 50 per cent. Several of 
the manufacturers have agreed that 
it is desirable to specify sprockets of 
alloy cast iron with a nickel content 
of 1.00 to 1.25 per cent and a chrom- 
1um content of 0.45 to 0.65 per cent 
The sprockets should be chilled to 
give them a hardened tooth surface. 


loose 


Recently a survey was made of 
chain-and-flight type sludge collectors 
in primary sedimentation tanks at 10 
sewage treatment plants in New Eng- 
land with from 9 to 16 years’ operat- 
ing experience. There were 49 in- 
dividual longitudinal collectors op- 
erating on the average for 11 years 
The aggregate experience in repairs 
and re places ments for all of this equip- 
ment is as follows: 

Drive chains, replaced in 2 tanks after 
10 years of operation, a few links 
and pins replaced in 7 tanks. 

Drive sprockets; 2 replaced. 

Idler and take-up sprockets ; 
placed, 1 redrilled. 

Main chains; 1 broken link. 

Flights; total of 20 replaced at 9 
plants, replaced as broken at tenth 
plant with no record. 
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COMMINUTORS. Since raw sewage flows straight through in 
the Worthington design, the comminutor can be installed in a 
simple rectangular channel (inset) without expensive masonry 
work. This one is located at Klamath Falls, Ore 


DUAL-FUEL ENGINES. Operating on oil or gas or any combi- 
nation of both, these Worthington dual-fuel engines drive 
blowers for the Little Ferry, N. J., Treatment Plant of Bergen 
County Sewer Authority. 


MIXFLO PUMPS. Available in sizes from 2 MGD to over 300 
MGD, Mixflo pumps have non-clogging sewage-type impellers 
for passing large solids. This one handles raw sewage in the 
new Salem, Ore., Treatment Plant 


FREFLO PUMPS Available in sizes from 100 GPM to 5 MGD, 
these Worthington Freflo pumps in the Bethlehem, Pa., Sew- 
age Disposal Plant offer maximum freedom from clogging. 


How to get more for your equipment dollar 


Check these extra services offered by WORTHINGTON— 
world’s leading builder of sewage treatment equipment 


Be sure you take advantage of the extra services offered to 
municipalities considering sewage treatment plants. Regardless 
of the size of the installation you plan, whether large or small, 
here’s how Worthington can help you. 

Trained specialists will sit down with you and study the sit- 
uation in the planning stage. They will help you recommend, 
step-by-step, the best and most up-to-date equipment to do 
your specific job in the most economic way. 

An unbiased recommendation. Because Worthington makes 
a complete line of engines, compressors, comminutors, pumps, 
and auxiliary equipment, you get an equipment recommenda- 


tion based on a broad look at ail available ways of doing the job. 
Unit responsibility. You do business with one company—elim- 
inating delays and inconvenience that can occur when you are 
forced to co-ordinate the efforts of several suppliers. 

Some of the sewage treatment plant equipment built by 
Worthington include: pumps; gas, dual-fuel, and diesel engines; 
vacuum pumps; air and gas compressors, and comminutors. 

For more information about any of these products, call 
your nearest Worthington District Office, or write to Section 
W65, Worthington Corporation, Harrison, N. J. In Canada: 
Worthington (Canada) 1955, Ltd., Toronto, Ont. W.6.5 
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ALL MAJOR PUBLIC WORKS EQUIPMENT UNDER ONE RESPUNSIBILITY 
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Bristol, Conn.—Skimming pipes for scum removal 


Flight shoes; no replacement at 7 
plants, replaced after 11 years at 1 
plant, replaced every 3 years at | 
plant and 12 individual replace- 
ments in 16 years at 1 plant. 
Omitting one plant which operates 

the equipment continuously 24 hr. per 

day, the indicated life of the various 
parts, as reported by the operators, is 

10 to 21 years for drive chains, 14 to 

26 years for drive sprockets, idlers 


WATER LEVEL 


TURNTABLE TOP 


and take-up sprockets, 13 to 24 years 
for main chains, 10 to 26 years for 
flights, and 3 to 19 years for flight 
shoes. 

Mick of Minneapolis-St. Paul San 
Dist., reports to the writer that all 
of the original main sludge collector 
chains in the Minneapolis-St. Paul 
sewage treatment plant sedimentation 
tanks placed in operation in 1938 are 
still in use. On two of the tanks, the 
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chain would soon be worn through 
the barrel but it is planned to turn 
this chain over before that happens 
The wear will then come on the other 
side of the barrel and it is expected 
that the life of the chain will be pro 
longed several years thereby. 

Experience has disclosed that the 
life of the equipment may be pro- 
longed and the cost of renewals and 
repairs reduced by operating the 
equipment in primary settling tanks 
for a few hours each day during 
sludge withdrawal operations. In 
small plants, chains and shoes which 
may require replacement at the end 
of 10 years for equipment operating 
24 hours per day should last from 15 
to 20 years if operated 1 to 3 hr. per 
day. For the largest plants more fre- 
quent replacement may be required. 

Chain-and-flight construction is 
particularly adapted to covered sed- 
imentation tanks as at Detroit, Boston 
Nut Island, Toronto Ashbridges’ Bay 
los Angeles Hyperion primary set- 
tling tanks, among the larger plants ; 
and Greenwich, Connecticut: Tona- 
wanda, New York: Greenfield, Mas- 
sachusetts ; and Warren Rhode Island, 
among the smaller plants. This type 
of construction is also advantageous 
for rectangular tanks in which it is 
desirable to remove the sludge rapidly 
and continuously so as to avoid de- 
terioration in its quality. 


Overload Release 

The most common method of pro- 
viding against damage to the equip- 
ment because of overload is by shear 
pins. However, if a shear pin breaks 
because of overload the temptation is 
strong to put in a stronger pin and 
attempt to get the equipment mov- 
ing rather than to unwater the tank 
and find out the cause of the overload. 
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HARDINGE SANITATION EQUIPMENT 


@ CIRCULAR CLARIFIERS 


Hardinge Circular Clarifiers are available in sizes up to 200° diameter, either center-column or beam sup- 
ported for steel, concrete, wood or tile tanks. Sludge scrapers remove settled solids rapidly through 
central underflow discharge. Bulletin 35-D-15. 








® THICKENERS Especially suited for limited epecss or where po pe Ray is desired 
—— ' . . at one end of the tank. A traveling scraper and skimmer carriage re- 
saeuie tenia 6 ee ee ae moves settled solids from the tank bottom and scum from the top 
vents scraper breakage. Bulletin 3/-E-15. Bulletin 35-D-15. 











® AUTOMATIC BACKWASH 
RAPID SAND FILTERS © DIGESTERS 


Sludge scrapers and scum breaker arms prevent scum 
accumulation, insure uniform gas production. Emit a 
dense digested sludge. Bulletin 35-D-15. 


For high removal of non-settling or slow settling suspended matter 
Self-cleaning sand bed. No shut-down necessary for backwashing. Travel- 
ng backwash mechanism. Bulletin 44-A-15 


® FLOCCULATING UNITS ® HYDRO-CLASSIFIERS 

Slowly rotating paddies on vertical shafts bring the A large-volume classifier for rapid separation of coarse and fine sus- 
small flocs into contact to form larger masses and pended solids. Frequently used for by-product recovery from waste water. 
hasten precipitation. Bulletin 35-D-15 Bulletin 39-C-15. 
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YORK. PENNSYLVANIA . 240 Arch St. * Main Office and Works 
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Topeka, Kan.—Chain Belt Tow-Bro Sludge Removers 


Major damage to equipment has been 
caused by the substitution or use of 
improper shear pins. 

Several adjustable overload release 
devices have been developed to me- 
chanically disengage the collector from 
the motor when overloads are en- 
countered. 

The Chicago Sanitary District is 
well satisfied with the operation of 
individual motorized reducers on 
sludge collectors. The basis of this de- 
sign has also been described by John- 
son.’ All parts except the flights are 
designed to withstand the torque of 
the motor. Consideration must be 
given to the motor size and to select- 
ing characteristics such that the max- 
imum torque is not materially greater 
than the running torque. Particular 
attention should be given to possible 
deflection of shafts and consequent 
effect on bearing mountings. Self- 
aligning bearings are helpful to pre- 
vent difficulties of the latter type. 


It appears advisable to specify that 
belts shall not be less than ™% in. 
diameter and structural steel shapes 
shall have a thickness of not less than 
¥% in. 


Sludge Hoppers 


Multiple hoppers for collection of 
sludge at the ends of rectangular tanks 
have caused operating headaches as 
the sludge tends to collect and hang 
up on the sides and in the corners. In 
time, this sludge becomes gas lifted 
and belches to the surface. The opera- 
tor afflicted with this type of tank 
must spend considerable time pushing 
the sludge down to the bottom of the 
hoppers where it can be picked up by 
the pump suction. Even in relatively 
narrow tanks it appears advisable to 
provide cross collectors so that inso- 
far as is practical, sludge is brought 
to the drawoff piping mechanically. 
In small tanks where longitudinal 
chain and flights have been used to 
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collect the sludge at the ends of the 
tanks, it has in some instances proven 
practical to install cross collectors of 
the spiral conveyor type. 
Scum Removal 

Various types of mechanisms have 
been devised for withdrawal of scum 
from rectangular tanks equipped with 
chains and flights for sludge and scum 
collection. The rotated slotted pipe 
provides a simple means for manual 
control of scum withdrawal. (See ac- 
companying cut for Bristol, Conn.) 
Where such manual control is too 
laborious it is possible to use mechan 
ical means. One of the simplest me- 
chanical skimmers consists of a rotat- 


ing spiral squeegee which carries skim- 


mings up a launder and discharges 
them into a scum trough, whence they 
are transmitted by water carriage to 
the disposal facilities. This type has 
been provided for the Los Angeles 
Hyperion primary settling tanks. 

At the Boston Nut Island plant 
provision is made for conveying the 
scum while still floating on the sew- 
age to one scum storage sump for each 
of two large rectangular tanks. The 
equipment is of the chain-and-flight 
type. 


Crane-and-Bridge Type 

Prior to 1939, the policy of the 
Dorr Co. was to recommend circular 
clarifiers wherever possible. As com- 
petition developed for their equipment 
in the circular tank field and as rec- 
tangular tanks with common: walls 
were often preferred by some engi- 
neers under certain circumstances, the 
Dorr Co. developed and advocated the 
Monorake for sewage sludge removal 
from rectangular sedimentation tanks. 
This equipment was originally devel- 
oped by them primarily to meet the 
need for mechanical removal of sludge 
from sedimentation tanks - following 








: asal Av.- 


' me 


er / vf 








Belt “Circuline" Clarifier and Skimming Mechanism 
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possible improved settling . . . 
increased capacities . . . important cost 
savings. 


type action assured better removal of 


leader 


in a quarter century 
of progress 


sewage and waste 


a Skim- treatment equipment 


ming Equipment. land automati : , . 
Continuous research, product development and improve- 





mode possible more efficient removal of 
floatable materio!. ment have long been guiding principles of CHAIN Belt 
Company. The important developments illustrated 
Le, above are but a few of the contributions CHAIN Belt 
has made to more efficient plant performance . . . a 
quarter century of sanitation progress. Such mechanical 
features as Z-Metal chains, self-aligning bearings, cen- 
tralized wearing shoes, split head-shaft sprockets have 
meant much in longer life, lower operating and main- 
tenance costs and better operation to plant operators 
the world over. 
Your Rex Field Sales Engineer will be happy to give 
you the complete details. Or, write CHAIN Belt Com- 
pany, 4610 W. Greenfield Ave., Milwaukee 1, Wis. 


CoH AI ‘> BELT COMPANY 


KEE 
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“flocculators” in water treatment 
plants. The Monorake type of sludge 
removal equipment is reported to be 
available for rectangular sedimenta- 
tion tanks up to 60 ft. wide and any 
reasonable length. This type of equip- 
ment includes a balanced raking 
mechanism supported and operated 
from a carriage spanning the width 
of the tank and traveling on long- 
itudinal rails. The carriage is operated 
by cables. The rakes are so set as to 
collect the sludge in one or more hop- 
pers at the influent end of the tanks. 
The first large installation of this type 
was at the Coney Island plant in New 
York about eight years ago. The 
principal difficulty encountered has 
been with failure of the reversing 
switch to operate. It is understood 
that the manufacturer has improved 
the design in this respect. The average 
life of the cables at this plant is said 
to be about five years. Other items of 
equipment requiring occasional re- 
placement are cable sheaves, flight 
shoes, carriage wheels, and bearings. 

One of main advantages of this 
type of mechanism is that the amount 
of equipment immersed in the sewage 
is reduced to a minimum and all 
equipment can be raised above the 
sewage level for renewals and repairs. 
Thus it is not necessary to unwater 
the tank for such work. 

The Hardinge Co., Inc., makes 
sludge removal equipment for rectan- 
gular tanks consisting of a bridge 
crane which spans the width of the 
tank and supports the sludge scraper 
and skimmer. The sludge is collected 
in one or more hoppers at the in- 
fluent end of the tank or in a trough 
equipped with a cross screw sludge 
conveyor. 


Circular Tanks 


The Dorr Co. has been the out- 
standing manufacturer of sludge re- 
moval mechanisms for circular sed- 
imentation tanks. Also in this field are 
Hardinge Co., Yeomans Brothers Co., 
Infilco, Inc., and Chain Belt Co. 

In the Dorr Type S clarifier, feed 
is introduced through a centrally lo- 
cated, inverted siphon with the inlet 
surrounded by a submerged diffuser 
From the center inlet, the sewage 
flows radially to a peripheral weir..A 
motor-driven revolving rake sweeps 
the settled solids to a central discharge 
hopper in the tank bottom. Repre- 
sentative installations include the pri- 
mary settling tank at the District of 
Columbia and the final settling tanks 
at the Cleveland Easterly plant. L. 
M. Johnson’ has described the ad- 
vantages gained by the use of stalling 
torque motors to drive equipment of 
this type at the plants in the Chicago 
Sanitary District. The clarifiers in 
the 126-ft. diameter final settling 
tanks at the Chicago Southwest plant 
are driven by %4-hp. motors through 
69,500 to 1 combination helical and 
spur-gear speed reducers. The motor 
constitutes the only protective device 
throughout the entire gear train. 

Tanks of this type afford only a 
small hopper for sludge accumulation 
For the Dorr clarifier at the Terminal 
Island plant in Los Angeles, the op- 
erators report that it is desirable to 
provide automatic programmed inter- 
mittent operation of the raw sludge 
pumps in order to withdraw reason- 
ably well concentrated sludge. 
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In very large circular final settling 
tanks, wind currents and high rates 
of weir discharge for a single per- 
ipheral weir have been reported to in- 
duce the discharge of unduly large 
quantities of suspended solids with 
the tank effluent. The unit weir dis- 
charge rates may be substantially re 
duced by the provision of supplemen- 
tary weir capacity in connection with 
an effluent trough built within the 
tank and supported from the outside 
wall. 

There is evidence to show that, on 
the average, the cost of maintenance, 
renewals, and repairs on sludge re- 
moval equipment in circular tanks is 
relatively low. 

The sludge withdrawal pipelines 
from circular tanks are of necessity 
longer than for rectangular tanks 
There is very little evidence to show 
that this has caused unusual operating 
difficulties except at the Buffalo plant. 
Here the sludge withdrawal lines be- 
came plugged with grit and heavy 
sludge to a serious extent as reported 
by John W. Johnson.* 

Various devices have been devel- 
oped for collection of scum on the 
surface of circular primary sedimenta- 
tion tanks. The collection is some- 
times effected by wind currents. Sev- 
eral instances have been observed 


where the operators have improved 
upon the standard form of scum col- 
lector supplied by the manufacturer 


but the improvements have not beer 
described in the technical literature 


References 
Tohnson, Mun 


1 L. M. ) 

p. 529. 

2 J. W. Johnson, Sew. Wks. Engr., Aug 
1944, p. 386 


Sanit., Noy. 1938, 
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for sewage flows from .005 to 


250 mgd per machine installed 


in a 6 in. pipe, a basin, or a 


rectangular channel section. 


The greater flexibility and wide applicability of comminution 

made possible by the equipment illustrated here is the result of 
Chicago Pump Company’s original development of comminution 
and the Chicago Comminutor and its 20 years of experience in 


over 4000 installations of exclusively successful comminution. 


CHICAGO PUMP COMPANY  ccciissovs sccooning ond 


Sewage and Industrial Waste Equipment subsurface cutting of coarse 
sewage material without 


, ; . removal from the sewage 
Subsidiary of Food Machinery 622 Diversey Parkway flow, eliminating unsight- 


& Chemical Corporation Chicago 74, Iilinois liness, nuisance and odor 
from screenings. 
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The illustration shows the primary grit channels, four of plant by Moore and Heger, C Iting Engineers, Indian- 

BARMINUTOR® comminuting machines and motorized gates apolis; constructed by H. D. Tousley Company, Inc., Indian- 

at the Indianapolis, Indiana sewage treatment plant. Design apolis, for the Indianapolis Sanitary District, Mr. Dwight O. 
Bender, Superintendent. 


Model “A” BARMINUTOR® screening and comminuting Chicago 7B Comminutor designed for use in 6” or 8” 
machine. Designed for use in rectangular channel sewer pipe, sized for flows from .005 to .175 MGD 
sections 4 to 12 feet wide, sized for flows of 10 MGD per machine. 


and upwards. 


Model "B” BARMINUTOR® screening and comminuting Chicago Comminutor, designed for use in hydrauli- 
machine. Designed for use in rectangular channel cally designed feeder basin, sized for flows from .175 


section 1 to 3 feet wide, sized for flows from .09 to 25 MGD per machine. 
to 15 MGD. 
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Aerator - Clarifier 
unit serving as 
sewage treatment 
plant for the 
Goodyear Tire and 
Rubber Company 
of Topeka, Kan- 
sas 


always specify 


Chon 


% AERATOR-CLARIFER UNITS 


for Small, Compact 
Activated Sludge Plants... 


Small Communities 


Turnpike Service 


, ‘ Faciliti 
Aerator-Clarifier units have a proven 21 year record for pro- — 


ducing sparkling clear effluent. Industrial 


Many semi-automatic features of the combination Aerator- Facilities 
Clarifier unit simplify operation and insure trouble free per- 
formance under all conditions. These combination units can 
be operated by men with State Board of Health minimum 
classifications 


Airports 


Hospitals, Schools 
and Other 
Aeration and clarification are accomplished in a single tank Institutions. 

with positive sludge control that covers a wide range of sew- 

age flows and strengths. 


Aerator-Clarifier units handle sewage flows from 15,000 to 
500,000 gallons per day in single or multiple units. They may 
be safely located near dwellings \s the plants are free from 
flies, odors, and unsightly appearance. 


Specify Aerator-Clarifier units for small activated sludge plants 
to assure proven and trouble free performance. 


CHICAGO PUMP COMPANY 


Sewage and Industrial Waste Equipment 


Subsidiary of Food Machinery 622 Diversey Parkway 
& Chemical Corporation Chicago 14, Iilinois 
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Pumping Grit and Sludge 


District Manager, Chicago Pump Company, Milwaukee, 


N ANY DISCUSSION of pumps, 

consideration must be given to all 
conditions of the installation. The cor- 
rect pump improperly located or with 
improper piping cannot operate suc- 
cessfully. 

Somewhat similar pumping prob- 
lems must be considered when pump- 
ing either grit or sludge since both 
materials have a relatively high solids 
content and may be quite abrasive. 


Grit Pumps 


Many grit tanks are equipped with 
mechanisms that rake or convey the 
grit from the grit tank to an elevated 
point of discharge where it can be 
dumped into a truck, wheelbarrow, or 
other conveyance. These tanks do not 
require a pump for handling grit regu- 
larly, but they may require a pump 
for dewatering purposes. For such 
service a standard non-clog pump 
should prove adequate. Occasionally 
the grit tanks are designed or located 
so that mechanical devices will not 
remove the grit and other methods 
must be employed. In large treatment 
plants, particularly where a high lift 
is required, the use of a clam-shell 
bucket (Figure 1) with a traveling 


FIG. 1.—GRIT removal with clam shell 
bucket. 


by PAUL M. THAYER 


crane or a jib crane appears to give 
the most satisfactory service. 


Air Lift 

A simple device that is satisfactory 
for grit pumping in many of the 
smaller installations is the air lift. The 
discharge pipe should be not less than 
3 in. in diameter, and there should not 
be any restriction in the piping. The 
submergence, the lift above the water 
surface, and the air volume and pres- 
sure must all be properly proportioned 
to produce a minimum velocity of 3 ft. 
per second. In those cases involving 
a lift greater than the submergence 
of the air lift, a two-stage air lift can 
be used. 


Water Jets 


Water jets have also been used for 
removing grit from grit tanks. Un- 
fortunately these units usually have 
been unsatisfactory, primarily because 
of the nature of the water jet itself. 
To impart a satisfactory velocity to 
the water it is necessary to utilize the 
nozzle principle, which is a restriction 
in the throat of the eductor pipe. This 
restriction causes frequent plugging of 
the jet by the large particles that usu- 
ally are present in grit. 


Other Units 


Centrifugal or plunger pumps 
should not be used regularly for han- 
dling grit. As an emergency operation 
or for dewatering grit tanks, any 
standard type of sewage pump that 
has the proper capacity and head 
characteristics will do; but for routine 
operation some other method of re- 
moving the grit must be utilized. 


Sludge Pumps 


Sludge pumps can be classified ac- 
cording to the service performed. The 
principal services are: 


1. Pumping primary settled sludge 
to the digester. 

2. Pumping secondary settled 
sludge to the aeration tank in an ac- 
tivated sludge plant 

3. Pumping waste activated sludge 
to the primary tank. 

4. Pumping digester sludge to 
sludge drying beds or to vacuum fil- 


Wis. 


ters. Recirculation of digester con- 
tents for mixing or heating in an ex- 
ternal sludge heater also come under 
this classification. 

5. Pumping the sludge from humus 
tank (secondary clarifier) to the pri- 
mary tank or digester. 

Frequently one pump may be re- 
quired to perform more than one 
type of service, and it must have the 
proper characteristics for each service. 
Of the foregoing types of service, that 
of handling raw or primary sludge 
presents the most difficult problems. 
Raw sludge, by its very nature, al- 
ways contains much solid and other 
foreign material ; also, its consistency 
varies widely from treatment plant 
to treatment plant and even from 
hour to hour in any particular plant. 
The solids concentration may vary 
from a minimum of 2 per cent to a 
maximum of 14 per cent. Both the 
pumping head and the discharge rate 
may vary widely, due to operating 
considerations. 


Plunger Pumps 


The particular application in the 
sewage treatment plant would dictate 
whether centrifugal or plunger type 
sludge pumps should be used. Plung- 
er pumps always should be used 
where a suction lift is required with 
a moderately high total pumping 
head. They should never be used 
where there is a high suction head 
and a fairly low total head. If either 
the suction line or discharge line is 
long, air chambers should be installed 
to cushion the hydraulic shock. Pro- 
vision is usually made for varying 
the plunger pump capacity by varying 
either the speed of the motor or the 
piston stroke, or both. 

Plunger type pumps have the fol- 
lowing advantages : 


1. Satisfactory operation with a 
suction lift. 
2. Pump at low rates. 


3. Deliver a constant volume at 


varying heads. 
Conversely the disadvantages are : 
1. Both messy and noisy to operate 
and maintain. 
2. Has small capacity and large 
space requirements. 
3. High maintenance cost. 
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R-268 


Centrifugal Pumps 


Centrifugal pumps should be used 
sludge pumping only when 
a positive suction head. The 
ine should be as short as pos- 
with a minimum of fittings. 

iry non-clog centrifugal pumps 

ire occasionally used for sludge pump- 
g; however, considerable clogging 
is experienced due to rags and debris 
becoming entangled with the impeller. 
here are specially designed centrifu- 
gal pumps, such as the “Scru-Peller” 


for Taw 
there is 


pump (Figure 2), that incorporate 
special cutting devices to cut up rags 
or ordinary debris that enter the pump 


mo 


Variable Drive 


It is important that a pump han 
dling raw sludge be equipped to vary 
the capacity while still being able to 
pump against a great differential of 
head. This can be accomplished best 

iriable motor drive. A variable 

vith a constant speed motor 
used or the motor speed may 

od 

proper control and return of 
ited sludge is one of the most 
wrtant functions in the operation 

tivated sludge treatment plant. 
withdrawal of sludge from each 
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hopper of the final settling tanks 
should be indivdually and visually 
controllable. Pumps for this purpose 
should be capable of operating at vari- 
ous capacities. Heavy duty, horizontal 
non-clog pumps, equipped with vari- 
drive motors, are best suited for this 
service. They should have water seals 
to prevent sludge working into the 
packing glands. 

Digester sludge generally is similar 
to activated sludge, so that heavy duty, 
non-clog pumps are used. The in- 
creased use of external sludge heaters 
for heating the digester is one of the 
reasons for the increase in digester 
sludge pumping in treatment plants 
of newer design. In this service it 
has been customary to circulate a con- 
stant volume of sludge. Although con- 
stant speed pumps usually have been 
employed, it might be better to use 
pumps with vari-drives because the 
friction head is constant, and it is 
often desirable to vary the sludge flow 
rate. 


Other Pump Considerations 

Pumps frequently are installed in 
digesters for other purposes, such as 
transferring sludge from one digester 
to another or to drying beds, vacuum 
filters, or tank wagons. In any case, 


FIG. 2.—SCRU-PELLER sludge pump. 1. 
Screw and impeller, 2. Cutting edge. 


the ability to vary the capacity and 
head independently is an important 
and worthwhile feature. 

The sludge from the final settling 
tank is similar to activated sludge. It 
can be handled by a heavy duty, non- 
clog pump if there is a suction head. 
When there is a suction lift or a long 
suction line, then a plunger pump 
should be used. 

Considerable emphasis has been 
placed on heavy duty non-clog pumps. 
These pumps should be designed with 
ample mechanical strength in shafting, 
bearings, casings, etc., so that deflec- 
tion of shafting due to unbalanced 
loading will not cause undue wear 
and excessive maintenance. 





Raw Sewage Lagoons” 


A boon to the small municipality 


by GLEN J. HOPKINS and JOE K. NEEL 


Sanitary Engineer Director, and Biologist 
f the U. S. Pub 


O 


AGOONS have long been associ- 

ated with liquid waste disposal. 
Lagooning is a common process in- 
volved in treatment of concentrated 
industrial wastes, and some lagoons 
are merely basins in which wastes are 
stored prior to their treatment or ulti- 
mate disposal. They have gained rec- 
ognition as oxidation ponds for sec- 
ondary sewage treatment in California 
and the Southwest; and in the Mid- 
west they have recently demonstrated 
a capacity for treatment of raw sew- 
age that has resulted in their installa- 
tion permanent waste treatment 
facilities at a large number of small 
and medium-sized municipalities. 
Their use in this respect began in 
1928 when Fessenden, N. Dak., diked 
off a portion of a pothole lake to re- 
ceive its raw sewage discharge. This 
structure, although not now consid- 
ered a true lagoon by the State water 
pollution control agency, has never- 
theless functioned rather satisfactori- 
ly for 27 years. 


as 


History and Status 
of Lagoons 


The merit of this type of sewage 
treatment gained recognition slowly 
and no more lagoons were constructed 
until 1948, when a 10 acre facility was 
installed to receive raw wastes from 
about 1,000 people at Maddock, 
N. Dak. The success of this facility 
attracted statewide attention and, with 
the approval of the State Department 
of Health, lagoons were soon con- 
structed at several other municipali- 
ties. Utilization of lagoons then 
spread to surrounding States, and to- 
day their use as raw sewage treat- 
ment devices at appropriate locations 
is regarded favorably by State water 
pollution control agencies in North 
Dakota, South Dakota, Montana, 
Wyoming, Nebraska, Missouri and 
Colorado. Kansas and Minnesota 
have used raw sewage lagoons under 
restricted circumstances. As of Jan- 
uary 1, 1956, thirty-eight raw sew- 
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age lagoons were in operation in 
North Dakota ; South Dakota had 18, 
Nebraska 5, Wyoming 5, Montana 
15, Kansas 1, Missouri 7, Minnesota 
2, and Colorado 9. This totals 100 for 
the Missouri Basin States. Limited 
data for each installation are append- 
ed hereto. Towns using these facili- 
ties vary in population from 150 to 
more than 10,000. Some units serve 
the daytime requirements of small 
numbers of people located at defense 
installations and public schools. 

Although a general feeling now 
prevails that satisfactory treatment 
may be realized from introduction of 
raw sewage directly into a lagoon, a 
number of older lagoons serve as sec- 
ondary treatment facilities. Thirty- 
eight known installations are dis- 
tributed as follows: Colorado (1), 
Kansas (18), Missouri (1), Nebras- 
ka (4), North Dakota (3), South 
Dakota (6), and Wyoming (5). Pre- 
ceding preliminary treatment may in- 
clude septic tanks, Imhoff tanks, 
screening, sedimentation, separate 
sludge digestion, aeration, or chemi- 
cal precipitation. 

Investigations of performance and 
processes involved in raw sewage la- 
goons have been rather limited in 
number. Efficiency of various lagoons 
has been evaluated by State Health 
Departments in North Dakota, South 
Dakota, Montana, and Wyoming. The 
Public Health Service has cooper- 
ated with North Dakota and South 
Dakota in periodic investigations of 
lagoon processes. In 1954 a coopera- 
tive investigation of an experimental 
lagoon at Kearney, Nebraska, was 
initiated by the City of Kearney, the 
Nebraska State Department of 
Health, and the Missouri Drainage 
Basin Office of the U. S. Public 
Health Service. This study covered a 
13-month period of operation and a 
report will soon be released. 

In 1955, the Robert A. Taft Sani- 
tary Engineering Center, U. S. Pub- 
lic Health Service, began a compre- 
hensive investigation of a limited 
number of existing lagoons in the Da- 
kotas. This work is continuing and 
a progress report of 1955 activities 
will be released in the near future. 


n the Water Supply and Water Px 
Health Service in Kansas City, M 


lution’ Contr 


Program 


No data from that study enter into 
this presentation. 


Design Features 


Utilization of lagoons for treatment 
of raw sewage originated in a sparsely 
populated region where land values 
are relatively low and the majority 
of municipalities are below 1,000 in 
population. There, lagoons were first 
regarded as virtual waste detention 
chambers. Biological activities pre- 
vented nuisance development, and 
evaporation and seepage were relied 
upon to maintain water below the 
overflow level and minimize contami- 
nation of surface streams. Percola- 
tion into the ground rapidly merited 
consideration as lagoons were gen- 
erally constructed in tight soils and 
at locations where they were assumed 
to have no influence upon ground 
water supplies. 

Investigation of lagoon perform- 
ance soon demonstrated that they 
drastically reduced pollution and that 
overflow or effluent from adequate 
facilities would cause no degradation 
of receiving streams. Thereafter cur- 
tailment of effluent received less at- 
tention and overflow lagoons were 
permitted where circumstances indi- 
cated their desirability. Lagoons of 
the latter type are becoming more 
numerous than those designed to af- 
ford virtual retention. 

Lagoon performance depends upon 
several features that are largely con- 
trolled by design. Adequate circula- 
tion and uniform distribution of 
wastes throughout the contained liq- 
uid are required for optimum opera- 
tion. Circulation may be assured by 
a location fully exposed to wind ac- 
tion and a depth-area relationship low 
enough to insure complete mixing. 

Optimum depth for a ten acre la- 
goon seems to be around four feet, 
but a 20-acre lagoon may function 
satisfactorily with depths of 7 to 8 
feet. Waste distribution is most easi- 
ly controlled by location of the inlet 
at or near the center. Side inlets have 
a tendency to form sludge beds and 
are generally considered undesirable. 

Embankments or dikes should be 
elevated to minimize entrance of sur- 
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face runoff, as dilution usually serves 
no useful purpose. Soil types gen- 
erally considered most desirable are 
relatively nonporous mixtures that 
will permit little infiltration at the 
start of operations. Very porous soils 
should be avoided whenever possible 
as great losses to seepage will slow 
water rise to an optimum level and 
hamper development of desirable la- 
goon processes. Seepage effects upon 
ground water must be considered if 
nearby wells exist. 

Dikes should be constructed of soils 
containing considerable percentages 
of clay or have the water line area 
shielded against wave action by rip- 
rap or other protective measures. 
Sealing of bottoms progresses with 
time and fairly porous soils usually 
become relatively impermeable within 
a few years. Bottom sealing and re- 
sultant decreases in percolation has 
transformed some retention lagoons 
into overflow types, and in some cases 
has necessitated construction of addi- 
tional lagoons in areas where com- 
plete retention is desired. 

Economical bottom impermeabiliza- 
tion is a factor of primary importance 
in extending the use of lagoons into 
areas of excessive soil porosity. In- 
expensive materials such as bento- 
nites and soil blankets offer some 
promise after limited experimenta- 
tion; and it appears that their appli- 
cability in this respect should be thor- 
oughly explored, as more expensive 
methods may place lagoons beyond 
the reach of smaller municipalities. 

It is not necessary to consider vol- 
ume from sedimentation in la- 
goon design, as sludge accumulates in 
well functioning lagoons at a rate that 
would require more than a hundred 
years to produce an appreciable loss 
of capacity. 

The majority of lagoon facilities 
consist of single chambers which 
eventually overflow into nearby drain- 
age channels. In some instances raw 
wastes are discharged into two cham- 
bers in a parallel operation, and in a 
few cases one or more units are op- 
erated in series from a primary cham- 
ber receiving the raw sewage. The 
latter type of facility furnishes the 
greatest degree of wastes reduction 
but additional purification so afforded 
is rarely necessary. Added units in a 
series installation do not reduce the 
size required for the primary unit. 

Capacity now recommended in the 
Dakotas and Montana is one acre for 
a four foot lagoon, or four acre-feet 
per 100 population or equivalent. 
This recommendation is based upon 
successful operation of earlier lagoons 
with such loadings. It assumes that 
four acre-feet are required to stabi- 
lize a daily B.O.D. load of 16 to 20 


pounds. To some this loading has ap- 


loss 
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peared too low to realize the maxi- 
mum potential inherent in lagoon 
processes. Experiments at Kearney, 
Neb., where loading at times ex- 
ceeded 1,000 people per acre, indi- 
cated that lagoons would adequately 
handle a substantially greater load. 
The State of Missouri was impressed 
by the Kearney studies and now per- 
mits a loading of 400 people per acre. 
for interim treatment. 


Cost Data 


Lagoon costs are influenced by the 
price of land, topography, price of 
excavation, length of outfall sewers, 
and other factors. As for other forms 
of sewage treatment, accurate cost 
data are usually difficult to obtain. 
The South Dakota State Department 
of Health has obtained rather com- 
plete cost data on many installations 
in that State, and this information is 
available to all interested persons 

For fifteen South Dakota towns 
varying in population from 367 to 
2,871, and averaging 1,102, land costs 
ranged from $950 to $12,375, averag- 
ing $3,558 per installation or $3.23 
per capita. Construction costs yaried 
from $4,276 to $31,000, averaging 
$14,385 per installaton or $13.06 j 
capita. Total costs were from $5,276 
to $42,139, averaging $17,943 per in- 
stallation or $16.28 per capita. For 
the three largest communities (2,500 
to 3,000 inhabitants), per capita costs 
averaged $2.78 for land, $10.73 for 
construction, and $13.51 for the com- 
plete facility. For the three smallest 
communities (below 400 population) 
per capita prices averaged $1.38 for 
land, $7.38 for construction, and $8.76 
for the complete facility. 

Under conditions prevailing in 
South Dakvta, lagoons for very small 
communities can be provided at a per 
capita cost comparable to that for 
communities in the 2,500 range. Vir- 
tually complete treatment resulted at 
lesser per capita cost than is required 
for conventional primary treatment. 
Unquestionably, where lagoons can 
be used successfully, sewage treatment 
is available at reasonable cost, even 
for small communities 


Maintenance 


Lagoons require maintenance only 
to the degree of protecting dikes from 
erosion and animal damage, and con- 
trolling certain undesirable aquatic 


growths. Seeding and fencing are 
major items in dike protection, al- 
though periodic control programs 
may need be directed at burrowing 
animals such as crayfish and musk- 
rats. Dikes constructed of light soils 
may require protection against wave 
erosion by riprapping or layers of 
heavy soils at the water line. Aquatic 


flowering plants and attached algae 
produce losses in effective capacity 
and interfere with circulation. While 
this problem has not been a major 
one, maintenance should provide for 
periodic inspection and removal of 
such growths. 


Operational Features 


Early successful use of raw sewage 
lagoons occurred in a region (North 
Dakota) where they were normally 
covered with ice for about five months 
(November to March) each winter. 
Ice and snow cover and low tempera- 
tures restricted biological activities 
during this period, but ice formed 
an effective barrier between lagoons 
and the atmosphere and no nuisances 
developed. Biological processes, par- 
ticularly the critical algal growth, de- 
veloped with the spring thaw and pro- 
moted aerobic treatment processes. 
Thus actual sewage treatment alter- 
nated with a static period in which 
degree of treatment was of little con- 
sequence. This condition seems nor- 
mal for lagoons operating in the Da- 
kotas, Montana, Minnesota, and Wy- 
oming. Overflow lagoons in those 
areas produce a lower quality efflu- 
ent during winter months, but its as- 
similation into receiving streams has 
posed no problems. 

In Nebraska ice cover lasts from 
about December 1 to March 1. Brief 
periods of cloudy weather may pro- 
duce anaerobic conditions of short 
duration in November and March, 
particularly with a heavily loaded la- 
goon, and liberate some odor to the 
atmosphere. With proper loading, 
however, odors produced by no means 
constitute nuisance conditions. At 
more southerly latitudes (e.g., Mis- 
souri) only intermittent ice cover is 
expected and observed lagoons nor- 
mally change from aerobic to anero- 
bic status and back several times dur- 
ing the winter. Oxygenless conditions 
are usually associated with ice cov- 
er, and recoveries to aerobic condi- 
tions are quite rapid as ice cover dis- 
appears. Lagoons in Missouri are dis- 
charged to watercourses and winter 
deterioration in effluent quality is 
usually not as great as in areas where 
ice persists two or three months with- 
out interruption. 

The midwestern States utilizing 
raw sewage lagoons exhibit wide cli- 
matic variation. Average annual pre- 
cipitation ranges from about 14 to 
more than 50 inches. Evaporation 
from shallow lakes and ponds varies 
from 36 to 59 inches per year, and 
exceeds annual precipitation over a 
range of 4 to 31 inches. Average an- 
nual temperature varies from 35° to 
60°F. The fact that lagoons of essen- 
tially similar design have performed 





satisfactorily over this wide climatic 
range argues well for the adaptability 
of biological processes involved. How- 
ever, it appears that some modifica- 
tions in loading, and probably other 
design criteria, may result in greater 
efficiency. 


Processes Involved 


Wastes reduction in lagoons large- 
ly represents the cooperative effort 
of bacteria and algae. Bacteria are 
mainly involved in breakdown of 
complex organic compounds to pro- 
vide a large share of nutrient mate- 
rials required for algal growth. Algae 
produce great volumes of oxygen by 
photosynthesis, the only natural proc- 
ess capable of maintaining an aerobic 
medium under such conditions. They 
utilize energy supplied by sewage 
compounds in their life processes, and 
incorporate large amounts of energy 
and sewage materials into their bod- 
ies. Organic material contained in la- 
goon effluents is thus stabilized with- 
in the protoplasm of living organisms 
and since the majority of these or- 
ganisms are photosynthetic in nature, 
the effect of lagoon effluent upon the 
oxygen content in receiving streams 
is usually negligible. Algae laden ef- 
fluents usually increase the oxygen 
content of receiving waters. B.O.D. 
measurements of such effluents offer 


an unreal estimate of their nature, as 
algae usually deplete oxygen in sam- 
ple bottles incubated in an environ- 
ment quite dissimilar to natural con- 
ditions. 


Algae, usually uninvolved in con- 


ventional sewage treatment, are a 
very important group of organisms in 
typical lagoon activities. At Kearney, 
Neb., greatest waste removal was 
effected when they were most num- 
erous and the least purification oc- 
curred when they were sparse or lack- 
ing. Algae offer a means of direct 
utilization of solar energy for waste 
reduction. Results at Kearney, Neb. 
indicate that algal growth, at least in 
heavily loaded lagoons, is largely con- 
trolled during open water seasons by 
variation in available solar radiation. 
Plankton algae are much more effec- 
tive than attached or floating forms. 
Zooplankters and other animals usu- 
ally occur and often perform a useful 
service in keeping algae and bacterial 
densities below saturation levels. 
Lagoon cells operating in series af- 
ford greater reduction than single 
chamber units by virtue of the follow- 
ing sequence of events. As indicated 
above, sewage materials and energy 
discharged from the first cell are 
largely tied up in the bodies of a pro- 
fuse growth of microorganisms. Wa- 
ter in the second cell, largely effluent 


from the first chamber, has the po- 
tential to produce only a fraction of 
the concentration of organisms at- 
tained in the primary unit. 

Density of organisms in the efflu- 
ent from the first cell naturally ex- 
ceeds this capacity and they are un- 
able to maintain a vigorous growth 
and therefore die off in the second 
chamber. They and their detritus are 
consumed by zooplankters, and large 
amounts of energy brought to the sec- 
ond chamber are utilized in animal life 
processes. Thus there is a marked de- 
cline in energy level from primary to 
secondary cells, and effluent from 
the secondary cell contains only a 
small portion of the energy and mat- 
ter it received in organisms contribu- 
ted from the primary chamber. Ener- 
gy level is further reduced in a third 
cell, but very few situations justify 
treatment to this degree. 


Performance 


Single chamber lagoons normally 
afford a degree of treatment compar- 
able to that attained with very effi- 
cient conventional secondary treat- 
ment. During adverse weather condi- 
tions percentage waste removal may 
decline to the conventional primary 
level. At Kearney, Neb., for example, 
where lagoon loadings were frequent- 
ly more than 10 times as great as 
practiced in the Dakotas, B.O.D. re- 
duction varied from 32 to 90 per cent 
with the lower figure representative 
of winter conditions. During favora- 
ble seasons 90 per cent removal was 
effected with a loading of more than 
1,000 people per acre. Maximum 
loading was 217 lb B.O.D. per acre 
per day and maximum removal was 
173 lb per acre per day. Over favora- 
ble seasons the Kearney lagoon re- 
moved 127 Ib of a mean daily B.O.D. 
load of 157 Ib per acre, an efficiency 
in excess of 80 per cent. 

Lagoons provide almost astounding 
removals of coliform-type bacteria. 
Dakota lagoons have shown very high 
reductions. The Kearney lagoon re- 
duced median coliform MPN by 95 
per cent over the entire operating 
period. Daily removal was frequently 
as high as 99.9 per cent. 

Alkalinity and hardness are nor- 
mally reduced during seasons favor- 
able for photosynthesis, but may be- 
come more concentrated during win- 
ter. Nitrogen and phosphorous com- 
pounds are markedly lowered by al- 
gal activities, nitrogen being most 
commonly utilized in the ammonia 
form. Settleable solids are virtually 
eliminated, as are total suspended 
solids of sewage origin. However, 
suspended solids frequently show 
great increases with development of 


phytoplankton. Chlorides usually in- 
crease in concentration during winter 
but are otherwise little affected. The 
surfactant portion of synthetic deter- 
gents is but slightly reduced but phos- 
phorous components are largely uti- 
lized by algal growths. Surfactants 
lower surface tension and many la- 
goons never develop waves or even 
ripples from wind action. Lack of 
surface disturbance does not appear 
to appreciably restrict circulation, es- 
pecially in larger lagoons. 


Application 

Lagoons are unquestionably well 
suited to sparsely populated areas 
where land is readily available at a 
reasonable price and where ice cover 
exists during extended periods of low 
solar radiation. They are solving sew- 
age treatment problems of many 
towns in such regions at a fraction of 
the cost involved in treatment works 
of conventional design. They have al- 
so been advantageously used in areas 
with warmer climate and higher land 
valuation. 

Where land cost is a significant 
factor, studies to determine maximum 
permissible loadings are very desira- 
ble. The Public Health Service plans 
to soon initiate studies at experimen- 
tal facilities in Missouri and Ohio, 
in cooperation with the respective 
State health agencies, to more close- 
ly delineate features associated with 
the loading factor. Development of 
lagoons has proceeded largely along 
a practical path and few definitive de- 
sign criteria for realistic loadings now 
exist. 

Lagoons, by virtue of their low ini- 
tial and maintenance costs, have ac- 
celerated the rate of pollution abate- 
ment progress in the Midwest. Many 
municipalities, now adequately han- 
dling their waste problems with la- 
goons, would still be discharging un- 
treated wastes if they had been forced 
to wait until able to afford more con- 
ventional sewage treatment facilities. 
Satisfied city officials are enthusiasti- 
cally recommending them to sister 
municipalities, and we know of one 
town that constructed its lagoon pri- 
or to completion of its sewerage sys- 
tem. 

Lagoons are apparently fulfilling a 
long recognized need, and they ap- 
pear to offer the best hope for early 
abatement of water pollution in many 
localities. In addition, they are mak- 
ing possible sanitary sewers in num- 
erous areas where this basic public 
health facility was not previously fea- 
sible because of the high cost of con- 
ventional sewage treatment for vil- 
lages and small towns. 
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RAW SEWAGE LAGOONS OPERATING IN MISSOURI BASIN STATES—JAN. |, 1956 
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Total 
Area 
(Acres) 


NORTH DAKOTA cont 





Total 
et Population Number Area 
Served __of Cells (Acres) _ 


4 


Location 








Fordville 310 
Ft. Berthold Ind. Res. (1) 240 
Ft. Berthold Ind. Res. (2) 240 
Berthold Ind. Res. (3) 100 
Solva 160 
jope 350 
Jamestown {0,000 
Larimore 1,230 
Maddock 700 
Max 400 
Medina 500 
Minnewaukan 350 
Minto 500 
Neche 550 
New England 000 
New Salem 800 
Newton 350 
Northwood 000 
Park River 400 
Plaza 300 
Portland 400 
Richardton (Ascension Abbey) 
Rolette 400 
K -) 
Watford City 
Wildrose 


q 


Wishek 


ITH DAKOTA 


eresford 


@w 


v 
) 
— 


nestee 


B 
o 


ear Lake 


Tl ¢ 


reeman 
ettysburg 
Hayti 
Isabel 
Kadoke 


600 

730 

200 

750 

100 to 200 
350 

2,600 

2,800 

Winter 500 
Summer 1,000 


N—-N NNN — — NY 


nN 


50 


300 
240 
900 


Sewer District 

Western School 

Eastern School 

Southern School 

Yahe Dam Administration Area 





> 
a oe. 
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YEOMANS MANUFACTURES THE © 


a 


MOST COMPLETE LINE OF 


APPLICATION-DESIGNED 


SEWAGE TREATMENT EQUIPMENT 


which includes... 


.- SPIRAFLO CLARIFIER for both primary 
and final clarification of domestic and process 
wastes. A clarifier of radically different de- 
sign, the Spirafio offers complete settieable 
solids removal; greater removal of finely 
divided particles; positive grease, scum oil 
removal; uniform velocity throughout tank; 
and straight wall design which reduces con- 
struction costs. 


.. the WATER-WHEEL, a rotary distributor 
used with trickling filter systems in the sec- 
ondary treatment of sewage. An exception- 
ally rugged, yet simple piece of equipment, 
the Water-wheel provides uniform distribu- 
tion over the entire filter bed at all flow rates 
. . even the lowest. Costly accessories, such 
as underground feed pipe, dosing chamber 
with siphon, center support, and mercury 
seal, are not required. 


. » the HI-CONE, the most important devel- 
opment in the surface aeration process of 
activated sludge treatment in the last 30 years. 
The Hi-Cone offers much greater circulation, 
and can handle substantially more sewage 
with no increase in power consumption per 
MG treated. Maintenance costs are mini- 
mized because nothing can clog. 


- YEOMANS ROTARY DISTRIBU- 
TORS (both standard rate and high capacity). 
Standard rate units distribute evenly across 
the entire filter bed . . adjustable nozzies 
produce fine, well-aerated spray which car- 
ries down high volumes of oxygen. For high 
capacity filters, both the Yeomans high 
capacity type distributor and the Aero-Filter 
system are available. 


. . the CAVITATOR, a newly developed 
Yeomans unit for low cost treatment of both 
domestic sewage and industrial wastes. Per- 
fectly suited for small communities, sub- 
divisions, motels, resorts, schools and indus- 
trial plants, the Cavitator has excellent puri- 
fication efficiency, extremely high oxygen 
transfer efficiency, and extremely low air 
requirements per pound of B.O.D. removed. 


YEOMANS 


1999-9 N. RUBY STREET 
MELROSE PARK, ILL. 
manufacturers of: 
distributors + clarifiers 
mechanical aerators 
pneumatic sewage ejectors 


digesters + centrifugal pumps 


Use this coupon to request any or all of the following technical bulletins: 


_] Yeomans Spirafio Clarifier, bulletin 6791 


() the Hi-Cone, manual 6000 . . also 12-page brochure, 


“it's a matter of public record” 
C) the Cavitator, 12-page booklet 
(_] Water-wheel, catalog 6555 


(] Yeomans Rotary Distributors, bulletin 6504 . . also 


» Manual 6000 


name 








company 


street 











city 


Mail to: YEOMANS,, 999-9 N. Ruby Street, Meirose Park, illinois 
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RATED AERATION 75 
Middletown Elementary School 
Middletown, Kentucky 
Sewage Treatment Plant 


. . » for subdivisions, trailer camps, motels, 
factories, schools, hospitals, and other low 
flow sewage treatment requiring 75% or 85% 
reduction in B. O. D. 


ANTEDAERATION 


DESCRIPTION, RATEDAERATION is a proven, expandable, Chicago Pump 
Company sewage treatment process producing an acceptable effluent eco- 
EFFICIENT... nomical for low flows requiring 75% or 85% reduction in B. O. D. 


DEPENDABLE ... OPERATION. Operating on the endogenous respiration principle of long 
ODORLESS period aeration, the process uses basically comminution, twenty-four hour 
ere . . . 
, aeration, final settling, sludge return, and in some cases sludge holding. 


LOCATION. The Process can be located in a small plant among a group of 
buildings since it is odor free, fly free, and nuisance free when maintained 

sewage with a minimum of effort by a responsible person. It is extensively used in 
subdivisions eliminating costly and troublesome individual septic tanks by 
providing community sewage treatment plants. 


treatment QUALITY. The effluent is high in dissolved oxygen, good in relative stability, 


and is in a socially acceptable state which does not cause a nuisance to the 
property bounding the receiving stream, dry water course, or ditch. 


ey lo WV CO Sf Over 60 installations to date 


CHICAGO PUMP COMPANY 


Sewage and Industrial Waste Equipment 


always specity Chicago Subsidiary of Food Machinery 622 Diversey Parkway 


& Chemical Corporation Chicago 74, I/linois 
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Professor of Sanitary Engineering, Purdue Univ., 


N THE ARTICLE on trickling 

filters in the first series of these 
papers* there was only a brief sum- 
mary given on the reportings of 
others. This current paper is devoted 
exclusively to the previously pub- 
lished material on the rates of ap- 
plication to, bacterial growth on, time 
of passage through, size of media 
in, rates of removal by, and ventila- 
tion of trickling filters. 

It is always a good plan to have 
knowledge of the opinions of prior 
workers when undertaking to under- 
stand a particular process. 


*Water & Sewage Works, 101, 193, (Apr. 
1954). 





TRICKLING FILTER distributors at El 


Trickling Filters 


by DON E. BROODGOOD 


Treatment Obtained 
at Different Depths 


Buswell' compiled in 1928 quite 
a detailed historical account of trick- 
ling filters up to the time of his 
writing. He wrote that, “Although 
much has been learned about the 
theory and operation of the sprink- 
ling filter in the past 25 years, many 
of its interesting problems are still 
awaiting solution. One of these prob- 
lems concerning which there is a dif- 
ference of opinion, is the determina- 
tion of the relation of the depth of 
the filter to the degree of purifica- 
tion.” 


Paso, Texas, sewage plant are 220 feet in diameter, 


Lafayette, Ind. 


Buswell reported extensive studies 
and concluded that no great benefit 
was obtained by having filters deeper 
than six feet. In the next quarter 
century after he made the foregoing 
statement, filters have been built 
with depths greater and less than the 
six feet that he recommended. This 
statement is not a contradiction and 
is only made to bring out the point 
that there is still a question in the 
minds of some as to what the correct 
depth should be. Buswell took 
samples at different depths in the 
filters. The analyses made on the 


Photo courtesy Dorr-Oliver 


among largest ever built 


W.&S.W.—REFERENCE & DAaTA—1957 





r at Mansfield, Mass., plant of Hercules Powder Co. passed 


nd was retained on 3-inch round opening. Side walls are of 


samples were to determine the prog- 
nitrification in the filters. 
There were some B.O.D. tests made, 
but not enough to make it possible 
definite conclusions. 
Smith? studies at Rutgers 
taking samples at different depths, 
but no record could be found as to 
what the depths actually were 
Rudolfs’* work, reported in 1923, 
showed the results in nitrification 
that were obtained at different 
In his paper he had this to 
would be reasonable 
even to assume that sewage which 
flows more slowly over active film 
surfaces with greater surface con- 
tact would undergo greater chemical 
change, than a larger volume flowing 
more rapidly. The amount of chem- 
ical change per unit volume is a func- 
the time and surface of the 


ress of 


to draw any 


made 


de pths 
say: “And it 


tion of 


liquid exposed to active film.” 
Wilson and Hamlin* made studies 
with a 5-foot deep experimental fil- 
ter. They show that there was con- 
siderable difference in the degree of 
purification obtained when the filter 
was dosed at different rates. 
Butterfield and Wattie® used par- 
ticular cultures of bacteria in study- 
ing removals with laboratory filters 
22 inches deep made up of %4- to %- 
inch diameter gravel. The tubes were 
2 inches in diameter. They used syn- 
thetic sewage and it is believed that 
it had a B.O.D. of 106 to 193 ppm. 
The results that they report are 
worthy of being repeated and so are 
given in Table I. These same data 
will be used later to demonstrate the 
removals obtained in shallow filters. 
Not all workers have believed that 
recirculation on filters increased the 


SMALL trickling filter et an Indiana sewage plant is typical of many across the country. 
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contact time between stones and sew- 
age because Horton et al.® has writ- 
ten: “Increasing the recirculation 
rates decreases the time of contact 
between the sewage and the gelatin- 
ous material in the filter bed, and 
consequently, decreases the amount 
of purification.” 

Allen et al.’ operated two experi- 
mental filters. “One was a single fil- 
ter operated at 60 gallons per cubic 
yard per day; the other was an al- 
ternating double filtration unit oper- 
ated at a rate of 240 gallons per 
cubic yard per day.” In this work 
samples were taken at different 
depths in the single-stage filter. 

Phelps* has made statements re- 
garding the purification rates in 
trickling filters. He has said: “The 
B.O.D. in dissolved form is the most 
difficult to remove and requires pro- 
tracted intimate contact with zoo- 
gloea for extraction. The mass of the 
zoogloea in the bed and in sloughing, 
as well as the extent and duration 
of contact, are dependent on the hy- 
draulic rate of passage of the liquid 
medium through the bed. Obviously, 
there must be some limit to the 
quantity of B.O.D. which can be 
assimilated by the biological life of 
the bed. The limiting B.O.D. load, 
then, must be a function of the rate 
of biological oxidation and storage 
capacity for accumulation of B.O.D. 
within the bed. Obviously, also, the 
size of the medium (surface area per 
cubic foot) is a factor in the storage 
capacity.” He expresses the effective- 
ness of a trickling filter by the equa- 
tion 





TABLE | 
Removals from 22-Inch 
Laboratory Trickling Filter 
(after Butterfield and Wattie5) 


Culture 87 


pany * 7 
Flow, Removal, 


mgad % 


78.6 
62.7 
50.0 
35.8 
40.5 





Culture 86 


BOD. 
Flow, Removal, 


mgad % 





0.39 
0.75 
1.22 
1.78 
2.25 
2.73 
3.28 
3.78 
4.51 


0.34 71.1 
0.92 52.1 
1.21 57.1 
1.80 49.1 
2.22 43.1 
2.68 38.6 
3.17 32.6 
3.70 22.7 
4.51 23.2 
5.37 14.2 5.00 
6.26 16.0 6.07 
7.46 21.2 _— 








LARGE 5-toot deep filter at Bristol, Pa. 


aeration as liquid flows over media surfaces 


where Ly equals the removable B.O. 
D. remaining at depth D, L equals 


the total removable B.O.D., D is 
iepth, and Lp/L is the proportion 
of the total removable fraction re- 
maining in the passing liquor at 
depth D. K is a constant: for low- 
rate filters, Phelps says that it is 
0.175, and for high-rate filters it 
is 0.1505. 


Grantham et al.* reports removals 
obtained at 2-foot intervals in an 8- 
foot filter being loaded between 2.2 
and 7.0 mgd. Different media were 
used (1%4- to 2%-in. slag, wood block, 


plant of Rohm & Haas Co. ha Je walls and 


wood slat, Brookville limestone, and 
Chattahoochee River gravel). He 
states that these tests substantiate the 
Velz Basic Law that “The rate of ex- 
traction of organic matter per interval 
of depth of biological bed is propor- 
tional to the remaining concentration 
of organic matter measured in terms 
of its removability.” 

Keefer’ has compiled considerable 
data on the degree of purification ac- 
complished at different depths in a 
filter under different loadings. The 
loadings ranged from 2.68 mgad to 
16.39 mgad. Samples were taken at 
2.0-, 3.75-, 5.5-, and 7.25-foot depths. 


arge tunnel 


— 
= 


wer photo obtain maximum 


Tests were run on both settled and 
unsettled samples. 


Film Growth 


Gaultier™ was interested in trick- 
hing filter operation and was con- 
cerned with obtaining information 
that would show the importance of 
the size of media, the volume of film 
formed, the amount of air required 
for ventilation and the time of con 
tect between sewage and media. 

Wishart’? was interested in the 
amount of film that forms on the 
media. He used primary and second- 
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Whether it’s strength, acid and corrosion resist- 
ance, durability, low absorption, rapid flow char- For best performance in Standard and High Rate 
acteristics —-NATCO UNIFILTER salt glazed 
underdrain blocks more than meet the require- 
ments. They provide maximum drainage and 
ventilation capacity for either standard or high 
rate trickling filter sewage treatment plants. 
Moreover, they are easy to handle, easy to lay, Send today for 
and they are chemically inert and permanent 
in form. your copy of the 

These are more than claims—they are state- Natco Unifilter story, 
ments of fact based on records where NATCO é ; 
UNIFILTER BLOCKS have been installed and complete with filter 
are successfully performing .. . and that means design details and data 
in some of the largest sewage treatment plants MEMBER 
in the world. 


Trickling Filter Sewage Treatment Plants 


BRANCH SALES OFFICES 
Boston « Chicago « Detroit » New York N A T C ©] y, NATCO CORPORATION 


Philadelphia .« Pittsburgh « Syracuse 
SNR AD. INI ouatity / GENERAL OFFICE: 327 Fifth Avenve, Pittsburgh 22, Po. 








IN CANADA: 


Natco Clay Products Ltd., Toronto ae "The Quality Line Since 1889” 
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SPRINKLING FILTER with fixed nozzle distribution has tendency to ice up between spray 


pattern during severe cold 


ary filters and he reports consider- 
able film on the surface of the prim- 
ary filter and very little film on the 
surface of the secondary filter. He 
observed further that when the filters 
were switched the growth on the 
surface of the filters also changed, 
with the growth on the primary fil- 
ter always being the greater. 
Heukelekian’* made a study of film 
growths and he has recorded the 


weights of film under different condi- 
tions. He does not give information, 
however, on the amounts of film at 
different depths. In another article’ 
in the same series he reports that 
there is about 2.5 grams of film per 
kilogram of stone. 


Roberts“ also was interested in 
the amount of film found on filter 
stones. The abstract of his article 
does not say whether he obtained in- 
formation on the quantity of film at 
different depths. 

Tomlinson*® made parallel ob- 
servations on a single filter and on 
two other filters operated as alter- 
nating double filters. The alternating 
double filters were operated at two 
or three times the application rate on 
the single filter. The fungal growth 
was reported to be greater in amount 
in the alternating double filter as it 
extended to. about 3 feet below the 
surface, whereas on the single filter 
the fungal growth was confined to 
the top of the filter. 


Ventilation 


Levine’’: 1* in his experiments on 
filter ventilation showed definitely 
that elimination of bottom ventilation 
resulted in a rapid decrease in the 
purifying efficiency of a filter. 

Dekema!® experimented with deep 


enclosed artificially ventilated filter 
beds and compared the results with 
those obtained on an ordinary open 
filter. In his conclusions he stated: 
“The results indicate that the en- 
closed ventilated filter was able to 
substantially treat to the same degree 
of purity slightly more than 2.15 times 
as much of the same sewage per 
cubic yard of media as the open 
filter.” 

Reid* in his writing said: “The 
efficiency (of a trickling filter) may 
be increased by the addition of forced 
draft air or by the regulation, with- 
in certain limits, of the recirculation 
flow.” 

Hunter*! reports on an 18-foot 
deep enclosed filter with air taken 
in at the top by a fan. He says*that 
when the fan was shut down for 
three weeks the effluent deteriorated. 
Furthermore, he says that four years 
of comparative operation data 
showed that the enclosed filter 
treated twice as much sewage per 
cubic yard of stone as did an open 
filter. 

Chase**, in a general paper on 
trickling filter operation, says: “On 
the whole, the evidence seems to in- 
dicate that neither forced ventilation 
nor porous filter walls are essential.” 


Time of Contact with Media 


Rudolfs** in experiments with 
stone, slag and gravel concluded that 
the time of contact with the media 
did not seem to be of much impor- 
tance. The filters were 5.5 feet deep, 
were dosed at 1.96 mgad, and it 
took 460 seconds for the sewage to 
pass through the filters in each case. 
In an article published sometime 
later**, he said that slag media seems 
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to do a better job and that roughness 
of the media seemed to be an impor- 
tant factor. The slag was found to 
hold about twice as much slime as 
stone or gravel. He also found that 
1'%-inch media removed 64 per cent, 
while 24-inch removed 47 per cent. 
Blunk*® made studies on the rate 
of flow through a filter and con- 
“Except for the amount 
which is retained in the 
filter, the sewage seems to flow 
through the filter in 20 minutes. 
The amount of sewage retained de- 
pends upon the surface of the mate- 
rial and the size of the stones used.” 
Goldthorpe**, in conducting some 
experiments with high-rate filtration 
in 8-foot filters with 2- to 4-inch 
clinker, found that the contact time 
was 20 to 25 minutes at 10 mgad 
and 7 to 9 minutes at 20 mgad. 
Schaetzle*"» in a discussion of 
trickling filters, says: “The original 
experiments in this country were by 
Hazen in 1892. In 1909 Rudolph 
Herring combined the three variables 
of bacterial surface, air supply and 
time of liquid passage through the 
beds into a formula giving the de- 
gree of purification. His reasoning 
was that the media size affects the 
area of bacterial film and both size 
of media and depth of filter are di- 
rectly related to the time of passage.” 
It must not be assumed that the 
27 references are all that are worthy 
of discussion. These have been se- 
lected because of some particular 
point that they bring out. 


cluded : 
(sewage ) 


Discussion 


Professor W.E. Howland of the 
Purdue School of Civil Engineering 
has taken the data presented by 
Keefer’? and has analized them. 
When these data are plotted on semi- 
log paper and compared with the 
curves presented by Phelps® it is 
apparent that the Keefer data do 
not lie on a straight line. It would 
seem likely that the Keefer data 
substantiated the statement made by 
Phelps**: “It is likely that there are 
two different processes taking place 
in the trickling filter; coagulation 
and precipitation in the upper foot 
of the filter and biologic absorption 
and oxidation in the deeper part of 
the filter.” However, the greater re- 
movals at the top may be due to the 
improved aeration or ventilation at 
the surface. It seems quite unlikely 
that aeration plays so important a 
part as to give the great difference 
in activity shown in the Keefer data. 
It must not be forgotten, however, 
that a number of researchers in the 
past have pointed out that they have 
found that improved ventilation has 
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increased the effectiveness of the fil- 
ters with which they were working. 

There has been no careful evalua- 
tion made of the amount of air nec- 
essary to give maximum perfor- 
mance, 

Several of the researchers have 
done work with media of different 
material and sizes. The indications 
seem to be that the larger media are 
not as effective as the smaller sizes. 
There are indications that the rough 
surfaced media do the most work per 
unit of volume. There seems to be 
no definite proof, however, whether 
the rougher stone retards the flow 
through the filter or whether the 
stone is more effective because it can 
hold more slime. 


Howland has written a formula 
that fits the data presented by Keefer. 
The Howland formula is: 


% remaining = 75 X 10-2" 
+ 25 & 10-92-1242" 


depth of filter, feet 


i= 





y’ = 
(flow, mg per acre) * 


This equation takes into account the 
two rates of removal. It would seem, 
therefore, that the time of retention 
in the filter is a function of the rate 
of application. 

Time of flow through a filter, then, 
should be a very important factor 
in considering the possibilities for 


increasing the loads to be applied to 
trickling filters. 

There seems to be some indica- 
tion that there is a great deal more 
slime growth on stones at the top 
of the filter than there is at the bot- 
tom. 


Summary 


It is apparent that there has been 
considerable written about trickling 
filters, but that not all of the pub- 
lished information is in agreement. 
Furthermore, it would seem that ad- 
ditional information should be com- 
piled in an effort to establish defi- 
nitely certain basic concepts about 
the operation and behavior of trick- 
ling filters. 
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Air Diffuser Maintenance 


by FRANK C. ROE 


The Carborundum Company, Perth Amboy, New Jersey 


HE SUCCESSFUL develop- 

ment of the original activated 
sludge process of sewage treatment in 
1914 precipitated a remarkable series 
of process and equipment improve- 
ments. These have continued without 
interruption to date and there is no 
indication that such development will 
cease. Certainly, this is a credit to the 
basic effectiveness and economy of 
the process. 

Progress of this character, of course, 
is a normal phenomenon for any suc- 
cessful process. In the case of acti- 
vated sludge treatment, it has been 
based on these equally normal objec- 
tives : 

1. Desire for increased efficiency 
(of oxygenation), 

2. Desire to reduce maintenance 
generally and thus minimize cost of 
aeration. 

Pointed towards the first objective 
of increasing efficiency, many devices 
and/or methods of aeration have been 
tried; some of them more than once, 
and several of them patented. A great 
deal has been written on this subject 
involving, for example, the relative 
values of air diffusion and surface 
oxygenation from the atmosphere, but 
that comparison is beyond the scope 
of this outline. A thorough considera- 
tion of all ideas leads to two basic 
conclusions: (1) That diffusion of 
air bubbles has proved to be the most 
efficient method of aeration, and (2) 
that porous ceramic diffusers similar 
to the type originally found to be most 
efficient continue as the standard and 
most satisfactory device or material 
to accomplish the job, all factors con- 
sidered. 


The greatest increases in oxygena- 
tion efficiency have come about by 
improvement in aeration tank design 
and diffuser distribution. Specifically, 
the two major improvements have 
been: (1) The use of “spiral flow” 
tanks instead of “ridge and furrow” 
and (2) the spreading of diffusers to 
give a wider air bubble column in 
such spiral flow tanks. 

A third major improvement ap- 
pears to have been established within 
recent years in the form of the Kraus 
distributed air process. Actually, this 
makes use of both improvements (1) 
and (2), but the unique idea of intro- 
ducing air in two different locations 
for the separate functions of circula- 
tion and oxygenation, with proved 
overall air economy, is certainly new 
and outstanding. 


The Maintenance Problem 


The second objective of reducing 
diffuser maintenance is the prime sub- 
ject of this outline. Basically, it in- 
volves keeping diffusers clean so that 
blower pressures and power cost will 
not increase unduly. An analysis of 
plants in service for ten or more years 
shows that many have required little 
diffuser servicing. The same survey 
indicates however, that maintenance 
of diffusers at a satisfactory level of 
efficiency frequently is a serious prob- 
lem. 

Figure 1 illustrates the magnitude 
of blower pressure increase when 
clogging develops and/or diffusers 
are not maintained in a clean condi- 
tion. This was prepared by Superin- 
tendent J. J. Wirts of Cleveland’s 
Easterly plant and provided cogent 


evidence to justify a diffuser servicing 
program. An analysis of each plant's 
experience would be too involved for 
this outline but the marked decrease 
in pressure loss from the maximum 
recorded at Cleveland (and else- 
where) indicates the eminent success 
of such a diffuser servicing program. 

Diffuser clogging invariably is 
caused by one or more of the un- 
desirable conditions that will be de- 
scribed in the following section. Pre- 
vention of clogging usually is possible, 
as evidenced by the experience at 
many plants and should be practiced to 
the utmost within economic limits. 
Prevention commences with the origi- 
nal design of the diffuser system. A 
favorable environment can then be 
maintained by means of good installa- 
tion and operation. These three im- 
portant prerequisites are described in 
the three sections that follow the out- 
line of clogging sources. 


Sources or Causes of Diffuser Clogging 


Clogging is experienced on either 
or both the air and the liquid side of 
air diffusers. The various well estab- 
lished causes, with a few being some- 
what theoretical, are given below. 
Both types of clogging are listed in 
the approximate order of incidence. 
The order of listing has no signifi- 
cance as to degree or seriousness of 
clogging, however. 


Air Side Sources 


1. Dust, pollen or smoke particles 
in air supply. 

2. Rust and/or other oxidized or 
foreign particles picked up in air sup- 
ply system following filteration. Gen- 
erally this is air piping scale, but there 


AERATION tanks, Chicago, Ill. Left, Calumet Plant; right, North Side Plant 
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Fig. 1. PRESSURE of air supply to aeration tanks at five plants 


ure other contributory sources as sug- 
gested 

3. Oil in air supply from filters or 
internally lubricated (reciprocating ) 
compressors. 
from 
air 


resulting 
when 


+. Sewage solids 
leaks into the air system 
supply is interrupted. 

5. Condensation of moisture from 
1ir supply, especially during periods 
of high humidity. While this does not 
cause diffuser clogging in the true 
sense, the effect of increasing air pres 
sure loss when water enters diffuser 
pores is the same. It is not noticeable 
with clean, new diffusers but may be 
10 per cent or possibly more when 
from some other 
existent. Tests in The Carborundum 
Co. laboratories on 20 grade plates 


source is 


clogging 


clogged principally as per source 1. be- 
low, showed an 8 per cent pressure 
loss increase (at 4 cfm. per sq. ft.) 
with air ranging from 20 to 90 per 
cent relative humidity. 


Liquid Side Sources 


1. Finely divided inorganic solids 
(silt) and sludge solids which enter 
the porous diffuser structure when air 
supply is interrupted. 

2. Precipitated coating; principal- 
ly iron salts from industrial wastes 
and carbonates where water supply 
is hard. 

3. Organic growth or fungi. 

4. Grease. 

5. Miscellaneous debris during 
periods when diffusers are exposed 
in empty tanks. 


BRANCH AIR 


ALOXITE DIFFUSER TUBE 


~ Ot ia 


It is apparent upon reviewing this 
double list that an astronomical num- 
ber of different combinations of 
causes of clogging is possible. No 
single combination is decidedly the 
normal case in practice. It is no more 
likely that two installations of air 
diffusers will have identical operating 
conditions with the same combined 
possible sources of clogging than it 
is that any two analyses of sewage 
and industrial waste will be similar. 
Consequently it is evident that each 
plant must develop its own best 
schedule and method of diffuser main- 
tenance and cleaning if cleaning be- 
comes necessary. 


Diffuser Design and Specification 


Recognition of the maintenance 


PIPE 
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DIFFUSED air aeration. Left, Jackson, Mich.; right, Indianapolis, Ind. 


problem and efforts to minimize it 
have resulted in two basic advances in 
diffuser design: (1) The use of sta- 
tionary plate or tube holde:s that per- 
mit simple removal of diffusers fol- 
lowing tank dewatering and (2) the 
use of completely removable diffuser 
units (usually tube assemblies of 
which Fig. 2 illustrates the first ex- 
ample) without tank dewatering. Se- 
lection of either design is based on 
overall economic factors. 

There are now no less than seven 
(7) sewage treatment equipment 
manufacturers in the United States 
which offer complete, ready to install 
diffuser assemblies, the air diffuser 
units of which are easily replaceable. 
A multiplicity of such units can be 
utilized in the form of complete sta- 
tionary aeration equipment which is 
accessible only through aeration tank 
de-watering. Or completely remov- 
able equipment is available, compris- 
ing one or more assembled diffuser 
units. These can be lifted out of aera- 
tion tanks for servicing while tanks 
remain in use. 

Actually, it is increasingly apparent 
that the need for completely remov- 


AVERAGE PORE DIAMETER ; INCHES. 


at) 40 rr 


able diffusers (without tank de- 
watering ) has been over-emphasized. 
The recognized good practices 
stressed in this report minimize the 
need for diffuser servicing to the point 
that the extra cost for such completely 
removable diffuser units is not justi- 
fied. There will be exceptions to such 
a general conclusion particularly in the 
case of small plants where it is un- 
desirable, if not impossible, to de- 
water or by-pass aeration tanks. 

A more important advance has been 
in the selection of higher permeability 
(grade) diffusers, with correspond- 
ingly larger pore size. It was pre- 
sumed originally that small pore dif- 
fusers were essential to the release of 
minimum size air bubbles; hence, 
maximum efficiency or oxygenation 
therefrom. Periodic work by A. J. 
Beck of The Sanitary District of Chi- 
cago throughout the past twenty years 
has established that there is little in- 
crease in bubble size between grade 
20 and grade 80 diffuser plates. This 
is due to the fact that in a body of 
sewage etc. having a relatively low 
horizontal velocity component, bub- 
bles must attain a diameter of ap- 


210 


STANDARD GRADES 
Fig. 3 RELATION between average pore size and grade of aloxite porous media 


proximately 0.1 in. before buoyancy 
overcomes surface tension and they 
are released.* The negligible differ- 
ence in bubble size, as established by 
photographs, is sustained by the fact 
that dissolved oxygen in tanks aerated 
by small pore diffusers is the same as 
in tanks aerated by coarser grades. 

The above phenomenon is fortunate 
because the prime justification of 
large pore diffusers is the critical fact 
that they are not so effective in inter- 
cepting minute foreign particles from 
the air supply as small pore diffusers ; 
hence, they are not as susceptible to 
clogging on the air side. Of some 
added economic importance is that 
initial pressure loss through the larger 
pore diffusers is lower and that they 
probably respond better to cleaning 
methods. 

Figure 3 provides a close approxi- 
mation of the relation between average 
pore size of diffusers and grade of 
standard ceramically bonded alumi- 
num oxide diffusers manufactured by 
The Carborundum Co. Since the 
grade is based on permeability of 1 
in. thick material (the standard for 
plates), it is apparent that thinner 
wall standard tubes will have a higher 
permeability for the same grade and 
pore size. Because of this fact it is 
recommended that all diffusers be 
specified on the basis of “grade” in 
order to obtain the desired pore size. 

Grade 40 diffusers generally are 
recommended where air supply can 
be maintained in a clean condition. 
Grade 60 or grade 80 are suitable 
where air cannot be filtered satisfac- 
torily but good initial air distribution 
may be more difficult with these low 
pressure loss units. Orifice control can 
be added to assure uniformity al- 
though equalization of pressure loss 
throughout a system normally is ob- 
tainable with branch air line valves. 

To a considerable extent the fore- 


* A high liquid velocity across the surface 
of diffusers would tend to “wipe” air bub- 
bles therefrom as they are formed. Under 
such conditions the small pore diffusers 
theoretically would provide more efficient 
oxygenation. 
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aeration 
Story 


Since their installation at the Lima, 
Ohio Sewage Treatment Plant shown 
FINE BUBBLES + above, Chicage Pump Company 
Swing Diffuser Aeration Equipment 
and Precision Tubes have operated 
for over a year with no problems 
WIDE BAND AERATION + whatsoever. Plant records show ex 
cellent results in high grade effluent 
for the aeration tanks with Chicago 
Pump Company equipment. From 


SWING DI FFUSERS = Janvery through May, 1956 this 


plant handled an average of 8 M.G.D. 
using an average of 0.498 cubic 
feet of air per gallon of sewage. 


maximum oxygenation efficiency 
for high treatment at low cost 


Fine bubbles, provided by Chicago Pump Company Precision Diffusion Tubes, give 
far greater contact of air and sewage (for equivalent air volumes) due to increased 
bubble surface, and result in maximum oxygenation absorption. 

Wide Band Aeration, through Chicago Pump Company Swing Diffuser Aeration 
Equipment, produces a wide mass of finely divided bubbles completely circulating 
through the entire tank contents, increasing contact efficiency while eliminating 
center “coring.” 

Swing Diffuser Aeration Equipment for wide band aeration provide flexible 
economical operation, continuous performance and easy accessibility. Individual 
units are easily raised for service without de-watering the tank. 


CHICAGO PUMP COMPANY 


Sewage and Industrial Waste Equipment . > 
Subsidiary of Food Machinery 622 Diversey Parkway always specify Chisago 


& Chemical Corporation Chicago 714, Illinois 
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going DesiGN requirements, in addi- 
tion to those listed under INsTALLa- 
TION and OPERATION to follow, are 
premised on the discussion of each 
subject in the Air Diffusion Manual 
of Practice No. 5 published by the 
Federation of Sewage and Industrial 
Wastes Associations. It is beyond 
the scope of this outline to give fur- 
ther specifications. They are covered 
in greater detail in the Manual. 


Diffuser Installation 


To prevent as much clogging as 
possible from the sources as outlined, 
minimize rGaintenance expense and 
generally insure maximum efficiency 
of air diffusers, there are several 
somewhat obvious requirements of 
initial installation as follows: 

1. The type of air filter equipment 
selected and its capacity must be such 
as to provide a supply that will not 
contain more than 1.0 mg. of foreign 
particles per 1000 cu. ft. under the 
worst anticipated atmospheric condi- 
tions. A concentration of 0.5 mg. per 
1000 cu. ft. is the standard recom- 
mended for average conditions. 
Double air filtration normally is neces- 
sary for this quality. 

It has been established very recent- 
ly that secondary air filtration by elec- 
trostatic or automatic electronic filters 


actually will produce air having a con- 
centration of foreign particles consist- 
ently as low as 0.01 to 0.03 mg. per 
1,000 cu. ft. Performance of this high 
caliber has resulted in practically no 
increase of pressure loss through por- 


ous ceramic diffuser plates at Chi- 
cago’s West-Southwest Sewage 
Treatment Plant between 1949 and 
1956. 

The practicability of utilizing elec- 
tronic secondary filters may be shown 
by comparing its total cost with the 
cost of servicing diffusers, which may 
comprise special diffuser removing 
equipment, a cleaning program and 
progressive diffuser replacement. To 
establish a full and proper comparison 
of cost, with and without electronic 
filters, the factors of oxygenation ef- 
ficiency and power cost for air 
blowers should be correlated with all 
other aeration cost factors under both 
methods of operation. This is more 
complicated but is justified for the 
larger plants. 

2. Air mains and branch air piping 
should be of such a material and so 
protected that there will be no scaling 
or other deterioration that will result 
in serious clogging of diffusers from 
the air side. For the same reason, all 
air lines must be thoroughly clean be- 
fore operation commences. 

3. The blower equipment selected 
must be of the type that will not con- 
taminate the air supply with its lubri- 
cating oil or other foreign material. 

4. All diffusers controlled by any 
given valve should have the same 
permeability rating within one (1) 
percent.t All diffusers on the same 
+ Where orifice control is included with 
individual diffuser tube units this close 
control is unnecessary but it normally is 
possible on a given shipment of standard 
tested tubes. 
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system should be installed level and 
to the same elevation within 0.05 ft. 
Those tributary to each valve should 
be at the same elevation within 0.02 
ft. 

5. The entire aerator system should 
be initially tested for leaks with clean 
water above diffusers in order to pre- 
vent sludge solids from entering the 
air system during possible subse- 
quent shutdowns. The system should 
then be protected until actual opera- 
tion commences when the air must 
be discharged befcre liquor is intro- 
duced. 

6. The general plant construction, 
source of blower power, aeration ac- 
cessories etc. must be such that air 
supply shutdowns will be non-exis- 
tent except as a result of unavoidable 
accident, catastrophic storm or similar 
occurrence. 


Diffuser Operation 

An aeration system must be oper- 
ated in accordance with certain well 
established practices to keep mainte- 
nance cost and diffuser clogging at a 
minimum, thus requiring low blower 
pressure and producing generally high 
efficiency. The various factors in- 
volved as listed below are of perhaps 
even greater importance than those 
comprising the requirements for prop- 
er INSTALLATION. 

1. A continuous air supply is the 
basic operating requirement for pre- 
vention of clogging of diffusers from 
the liquor side. In addition to installa- 











CERAMIC 
bone 








Fig. 4. PHOTO MICROGRAPHS (x50 magnifications) of Grade 40 Diffusers 


Left, clogged plate structure; right, clean, new, plate structure 
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tion requirement No. 6 described 
above, it is apparent that thorough 
blower and motor or engine mainte- 
nance, e.g., lubrication, is absolutely 
essential to avoid shutdowns 


2. Air filters and electrostatic sepa- 
ration equipment must be constantly 
and properly maintained to prevent 
air side clogging. 

3. Regular and thorough inspec- 
tion of the diffuser system is essential 
to prompt location of leaks or non- 
uniformity, thus avoiding more seri- 
ous difficulty. 


4. Complete and continuous records 
of all aeration factors, e.g., blower 
pressure, likewise is essential to 
prompt discovery of any condition 
that ultimately may contribute to a 
decrease of diffuser permeability. 
ging due to organic growths within 
diffuser media near the liquid inter- 
face may be effected by periodic ap- 
plications of chlorine gas with air 
supply. 


5. Control or prevention of clog- 


Methods of Diffuser Servicing 
or Cleaning 

While the theme of this and previ- 

ous outlines of diffuser maintenance 

has been prevention of clogging, the 

ev entual necessity of permeability res- 


toration through some degree of clean- 
ing must be recognized as a strong 
possibility. lf unavoidable conditions 
make the problem serious, a thorough 
analysis of the various known meth- 
ods is justified. A regular schedule of 
servicing is then desirable, based on 
use of the most successful method 
that is economically justified and 
within the budget. 

Two general procedures of cleaning 
have developed in keeping with dif- 
fuser design development: (1) for 
diffuser plates more or less perma- 
nently cemented in plate holders and 
(2) for diffuser plates or tubes that 
are easily removed from stationary or 
suspended type assemblies. These pro- 
cedures can be broken down into 
methods used for liquid side clogging 
and those used for air side clogging. 
Rather than attempt a further classi- 
fication based on methods used for 
different kinds of diffuser clogging, 
the established effectiveness of re- 
moving various kinds of clogging will 
be listed with each method. 

Because of the practical certainty 
that any serious clogging is from a 
combination of sources, it is quite pos- 
sible that a combination of cleaning 
methods will be required. For ex- 
ample, the left-hand Fig. 4 photo- 
micrograph of a thin section cut from 
a 40 grade diffuser plate as taken from 
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service, gives evidence of three 
sources of clogging. The areas marked 
“A” appear to be silt particles em- 
bedded in a precipitated coating that 
contains some iron. The darker areas 
marked “B” are chiefly the natural 
ceramic bond of the plate but the ex- 
tended rough edges plus other minute 
dark spots indicate dust or some 
oxide particles from the air supply. 
The contrast with the right hand 
photomicrograph of a clean new plate 
of the same grade is quite striking. 


A. Cleaning Plates in Place— 
Liquid Side 

1. Actp TREATMENT has been used 
the most widely with different acids 
of variable strength and a variety of 
techniques or modifications. A con- 
centrated solution containing 80 per 
cent sulphuric, 2 per cent sodium di- 
chromate and 18 per cent water ap- 
pears to be the most effective on seri- 
ous clogging. Lower strength solu- 
tions, and also hydrochoric and nitric 
acids, should be tried because of cost 
factor, 

The general technique is as follows: 
Clean plates by water hosing with air 
on; apply acid to center of each plate 
using approximately 150 ml. per 
plate ; spread over surface with squee- 
gee ; allow to stand for a day or two; 
blow out with air. More or less acid 
may be applied depending on plate 
condition or the operation may be re- 
peated before drying. 

Variations of this technique and 
solution will be found effective for 
each situation and type of clogging. 
The method has been used for remov- 
al of organic solids, various precipitat- 
ed coatings and growths from the top 
of plates. . 

2. Caustic TREATMENT has been 
used infrequently with indifferent re- 
sults but conditions may warrant trial. 
One method used is to clean plates 
as described above and leave plates 
with a small amount of water on the 
surface: Dissolve 0.1 Ib lye crystals 
over each plate; shut off air; allow 
solution to penetrate 10 to 15 min- 
utes; add water; blow out with air. 

This method is reported as most 
effective for removal of organic com- 
pounds, grease etc. from plate sur- 
lace. 

3. AMMONIA TREATMENT has not 
been used frequently but is reported 
faborably. The method follows: Clean 
surface of plates by water hosing ; in- 
clude wire brushing if necessary ; shut 
off air leaving plates wet; apply ap- 
proximately 1 pint of a solution of 50 
per cent household ammonia and 50% 
water to each plate; allow to stand 
overnight ; blow out with air. 

Method is applicable primarily to 


plates clogged with organic growths. 


4, DeTERGENT—WATER JET TREAT- 
MENT is the most recent method used 
and involves a combined operation. 
The detergent solution may be % 
pint of commercial liquid such as 
“Glim” mixed with 5 gal. of water 
and 1 qt. of ammonia. Another com- 
mercial liquid known as “Nacconol” 
is equally effective. The jetting which 
follows is considered to be an expul- 
sion action within the saturated plate 
similar to water hammer. 

Plates are washed first in usual 
manner and thoroughly blown out. 
About % pint alcohol is then poured 
on each plate as a wetting agent. The 
detergent solution is then applied until 
plate is saturated and allowed to soak 
overnight. The water jet cleaning 
which follows should be as violent and 
concentrated as possible. It can be 
accomplished with a 1 in. fire hose 
line at full pressure with nozzle re- 
duced to % in. The jet is applied for 
about 30 seconds to each plate with 
the air off and then another 30 sec- 
onds with the air on, in order to locate 
spots that were missed by initial jet- 
ting. 

While extensive experience is lack- 
ing on this method it undoubtedly re- 
moves all types of organic clogging on 
the liquid side. Inorganic solids also 
are loosened so that a high percentage 
is forced out upon jetting. 

This method also should be ap- 
plicable to the cleaning of suspended 
diffuser tube assemblies in place al- 
though there is no report to date of 
such use. A special “ring” device has 
been developed by Chicago Pump Co. 
for uniform circumferential applica- 
tion of water jets. It simply is inserted 
over the end of each tube and moved 
manually from end to end. 


5. CHLORINE PuRGING has been 
used in relatively few places but with 
some good results. It is undoubtedly 
the most simple method known except 
drying. 

With no preparatory step chlorine 
is taken from cylinders and introduced 
into the air main at a convenient loca- 
tion; preferably near aeration tanks. 
The rate of application will vary to 
meet conditions but a starting point 
and estimate of requirement is 2 Ib. 
per 100,000 cu. ft. of air delivered. 
The operation is continued until 
blower operating pressure is reduced 
and/or until an adequate supply of 
air can be delivered to diffusers. This 
may take from two or three days to 
as many weeks. 

Chlorine treatment is effective in 
removal of organic solids and growths 
from the diffuser surface. There is 
an indication of some help in reducing 
air side clogging from unknown 














Fig. 5. SOAKING and draining tank for acid treatment 


sources simply as a result of the con- 
tinuous purging action. 

6. Sanp Brastinc is known to be 
effective and reasonably fast on silica 
type porous diffuser plates but slower, 


and therefore costlier, on aluminum 
oxide type plates. Blasting should be 
done during air discharge to avoid 
further clogging by removed particles 
and sand. It is estimated that 1 min- 
ute is required per plate to remove 
\4.in. from silica type plates or 1/32 
Accumulated sand and disintegrated 
in. from aluminum oxide type plates. 
plate material must be thoroughly 
cleaned out of tank after operation. 

It is self-evident that this method 
will remove all types of top clogging. 
The extent of the operation depends 
on the depth of solids penetration. 

7. OXYACETYLENE FLAME SPALL- 
ING is effective in cleaning the sur- 
face of aluminum oxide type plates 
and is more economical than sand 
blasting but still quite costly. 

The cleaning procedure involves 
preliminary plate washing and then 
setting a portable track alongside of 
plate holder as shown. Air is left 
on and the flame applied with nozzle 
moving over plates at linear velocity 
of 3 ft. per min. This removes ap- 
proximately 1/32 in. from the surface 
and if clogging is deeper, the opera- 
tion is repeated. Disintegrated plate 
material must be thoroughly cleaned 
out of tank after spalling. 

This method may be applicable to 
any serious liquor side clogging. 
Equipment is available from Linde 


Air Products Co. 





(Both at Cleveland Easterly Plant) 


8. Brow Torcu SPALtine is ef- 
fective in cleaning silica type plates 
but is tedious and costly with increas- 
ing labor rates. 

The procedure is to wash plates by 
hosing and scrubbing; dry with air 
discharge; apply blow torch flame 
at semi tangent with air on and re- 
move material to required depth. 
Clean tank thoroughly after spalling. 

As in all other methods involving 
removal of a thin layer of the diffuser 
material, blow torch spalling is effec- 
tive on all: kinds of liquid side clog- 
ging. 

9. Drytnc is the simplest method 
of all, involving no expense other than 
for the air supplied. After draining 
tank, air is blown through diffusers 
for two or more hours, finishing with 
an extra high flushing rate. This is 
effective only in removing light or- 
ganic (sludge) solids from the surface 
of otherwise clean diffuser plates. 


10. Steam PurcGIncG has been used 
rarely but is reported as effective. 
Low pressure steam is applied to the 
air line and simultaneously the sur- 
face of plates is brushed vigorously 
with a stiff brush. Organic clogging 
and grease are removed with this 
treatment. 

Care should be taken with this 
method to bring diffusers up to steam 
temperature rather slowly and to 
avoid a cooling shock after completion. 
This precaution is to prevent thermal 
shock cracking of the ceramic bond 
of diffusers. 


Fig. 6. DIFFUSER plate flushing equipment 


B. Cleaning Plates in Place—Air Side 


1. Sanp Bastin has been satisfac- 
tory on silica type plates but has not 
been reported for aluminum oxide 
type plates. It involves removal of one 
end plate from each plate holder op- 
posite air inlet and passing a sand 
blast nozzle under the plates by means 
of a special “boat” carriage. 

The procedure is to dry plates thor- 
oughly ; remove end plate : insert boat 
with nozzle pointed upward 30° from 
horizontal; pass back and forth 3 
times and swing nozzle from side to 
side enroute; remove and blow out 
plate holder at high rate with air 
from blower: clean sand and disinte- 
grated plate particles from tank. 

This method is effective in reduc- 
tion of all types of air side clogging 
grated plate particles from tank. 


2. GASOLINE PuRGING has only been 
reported at one plant where it is 
effective in removing a sudden inci- 
dence of oily smoke that cannot be 
intercepted by the air filters. Aviation 
gasoline is introduced into the air 
line at a rate of about 2 gal. per mil. 
cu. ft. Precautions must be taken to 
avoid possibility of explosion. 

This method should be applicable 
to removal of grease or oil from other 
sources. 


C. Cleaning Removed Plates and Tubes 
—Clogging on Either or Both Sides 
The above heading applies because 

all of the methods listed below are 

at least partially effective in removing 
both liquid and air side clogging and 
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AMERIC 


108 North Broadway 
AURORA, ILLINOIS 





LL WORKS 





Pumping, Sewage Treatment, and 
Water Purification Equipment 


RESEARCH - ENGINEERING - MANUFACTURING 


IN 


89th ro 


YEAR 


Offices: Chicago * New York *« Cleveland « Cincinnati « Kansas City « Sales Representatives throughout the Worid 





PROCESS 


. AND EQUIPMENT . 


ACTIVATED SLUDGE TREATMENT 


BIO-ACTIVATION PROCESS—a patented 
process combining and utilizing the best 
qualities of trickling filters and activated 
sludge in two stages and in such a manner 
that each stage operates under optimum 
conditions and at maximum efficiency. 
Primary treatment is followed by high 


movals of BOD are obtained before sew- 
age is passed to aeration tanks where acti- 
vated sludge is developed. Because of the 
intermediate filter treatment which consid- 
erably reduces the strength of the primary 
effluent, the liquor can be readily handled 
by the activated sludge process without the 
usual upsets caused by exceptional condi- 


capacity filters and short period intermedi- 
sedimentation. Here, initial high re- 


Send for Bulletin 259-B 


ate 


A Typical Bio-Activation Plant 


MECHANICAL AERATION—Consists of a circulating pump with 
down-draft tube and hydraucone assembly. As liquor passes 
through the pump, fine bubbles of air are drawn in and intimate- 
ly mixed with the sewage. This mixture is ejected at high ve- 
locity across the tank floor. Consequently, entrained air is dis- 
tributed uniformly across the tank, and fine air bubbles, rising 
slowly to the surface, supply sufficient oxygen to maintain the 
activated sludge process. For large installations, “AMERICAN” 
Aerators are installed in single, large tanks without dividing 
walls because the pattern of recirculation sets up hydraulic baf- 
fles between the units, thereby eliminating any possibility of short 
circuits. 


Send for Bulletin 265-A 


FIXED TUBE DIFFUSERS—Economically increases efficiency of 
oxygenation, with minimum maintenance. Use of flexible sleeve- 
type couplings throughout allows easy installation or removal of 
any section. Ever-increasing cross-sectional area at air inlet re- 
duces friction loss. Porous tubes with gasketed cast iron end 
covers and tie-rod make tight assembly. 

Jet Aerators also available. Write for information. 


ROTARY DISTRIBUTORS—Reaction and Positive Drive Types. 
The Reaction type is manufactured with 2, 3, 4, or 6 arms. In 
general, the 3 arm distributor has the advantage of minimum 
wind effect, low starting inertia, and perfect balance. The Posi- 
tive Drive type is rotated continuously independent of the sewage 
flow, by a motorized gear reduction unit. It is used under con- 
ditions of low available head and wide variations in flow 
“AMERICAN” Distributors are equipped with a patented dual 
oil seal which eliminates troublesome and costly mercury, protects 
bearing surfaces, and will withstand at least 10’ of water pressure. 


Send for Technical Supplement “RD” 
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tions and shock loads. 





Send for Technical 
Supplement TV on Tele- 
scoping Sludge Valve 


FOR SEWAGE AND INDUSTRIAL WASTE 


GRIT REMOVAL 


AMERICAN CAMP REGULATOR—an adjustable 
control to maintain velocity of sewage flow thru 
grit channels at optimum rate, of rate 
of flow thru plant. 


Send for Technical Supplement “OR” 
GRIT CONVEYOR—sincle strand, drag type. 
Carries grit to hopper for washing and removal. 


GRIT HYDROWASH— crit washed free of organic 
matter by Serhatens downflow recirculation of 
liquor in grit hopper. 


GRIT ELEVATOR—tube type, totally enclosed for 
lifting well-drained grit to desired height, Manual 
or automatic operation. 


Send for Bulletin 249-4 


UNIT BAR 
SCREEN 


Mechanically 
Cleaned 


Completely 
Automatic 
with Exclusive Pivoted Rake Design 


SCREENING 


MECHANICALLY CLEANED BAR SCREEN AND 
GRINDER—<designed for wide range of channel 
widths, settings, and asvengemente. Grinder at- 
tached to sorting tray . shredded screenings 
returned to sewage fiow. 


Send for Tech Lowt Suppl r ms" 


PRE-TREATMENT 


GREASE FLOTATION UNIT—removes grease an 
oils, produces simultaneous seration and agita- 
tion, and oxidizes objectionable odors. 


Send for Bulletin No. 260-4 





Fig. 5500 Sludge Pump 


SLUDGE REMOVAL 


POSITIVE FLIGHT CONVEYORS—for rectangular 
settling tanks. 


an ee CLARIFIERS—for round settling 
tanks 


SLUDGE AND SEWAGE PUMPS—Fi nt: 5500 cut- 
ting type primary sludge pump. Fig. 5100 en- 
closed impeller type raw sewage pumps. b 
5600 single vane impeller type sewage 

Fig. 8400 recirculation pumps. This 1! 
horizontal and vertical pumps ranges in 
from 8” to 18” inclusive, in capacity from 40 to 
10,000 GPM, and in head from 5’ to 85’. 


Send for Bulletina No. 287-4, 260-4, 
258-A, 261-4 





because the simultaneous effect on 
both sides can hardly be avoided. The 
particular benefits of each method will 
be listed as heretofore. 


1, Acip AND FLUSHING TREATMENT 
is perhaps the most widely used and 
generally successful method of all. 
While acid pickling alone is partially 
effective and also is used extensively, 
the water and air flushing which fol- 
lows adds much to the result. The 
second step has been well worth the 
extra equipment investment in the 
larger plants where used. 

The initial step is to wash diffusers 
by hosing down in aeration tank; 
then blow out and dry with air dis- 
charge before removal from plate 
holders or tube assemblies. Submerg- 
ence in concentrated sulphuric acid 
(2 per cent sodium dichromate may 
be added) is the next step, using a 
large stoneware crock. Diffusers then 
are placed in a large rubber lined steel 
soaking tank, similar to Fig. 5 and 
allowed to soak for as much as 48 
hours. This tank is equipped with a 
drain for removal of spent acid and 
rinsing water which follows. 

Flushing or scrubbing the treated 
diffusers with water and air is ac- 
complished by clamping in a device 
similar to that developed at Cleve- 
land’s Easterly plant, Fig. 6 (Water 
and air inlets are connected to the 
box below plates and are controlled 
by quick opening valves. Drains are 
connected to the trough around the 
outside and a cover provided to pre- 
vent initial acid and water spraying.) 
The flushing time is determined by 
the operator based on uniformity of 
air bubble discharge. 

This method is most successful in 
removal of organic solids and pre- 
cipitates from the liquor side of dif- 
fusers. In addition, the flushing ac- 
tion undoubtedly removes some of the 
loosened undissolved inorganic solids 
from both sides. The reported dif- 
fuser permeability recovery at Cleve- 
land and Chicago (SW) by this 
method, is from 80 to 90 per cent. 


2. REBURNING is unquestionably the 
most thorough method of cleaning 
known inasmuch as 100 per cent re- 
vivification is accomplished. If suit- 
able kilns or furnaces are available, 
work can be done locally to save 
transportation. A more complete and 
satisfactory job probably can be done 
by the diffuser manufacturer with the 
type of kiln used for original vitrifi- 
cation. 

Diffusers should be washed and 
dried before shipment for reburning. 
For ceramically bonded aluminum 
oxide diffusers, the process is to bring 
up to the maximum temperature 
slowly (about 50°C, per hour) and 


then cool at the same rate. The maxi- 
mum temperature required for com- 
plete permeability restoration will 
vary with the kind of clogging ele- 
ments present. Most materials burn 
out at low temperatures but silt nor- 
mally is present containing small 
amounts of Si, Ca, etc. To fuse such 
elements into the structure and leave 
open pores, duplication of the maxi- 
mum original vitrification tempera- 
ture of approximately 1350° C., is 
desirable. 

It is apparent that this is the most 
expensive method of cleaning, but it 
has these advantages: (1) recovery 
of diffusers equal to new diffusers, 
regardless of type of clogging; (2) 
accurately retested (for permeability ) 
diffusers that will insure good initial 
uniformity of air diffusion upon re- 
installation. 


3. Caustic TREATMENT is used in- 
frequently because of limited attack 
on clogging materials. In some cases, 
it supplements other methods to ad- 
vantage. 

The treatment consists of placing 
washed diffusers in a suitable iron ves- 
sel and boiling for several hours in a 
10 to 15 per cent solution of sodium 
hydroxide. The time may be from 3 
to 8 hours depending on conditions. 
Boiling in water should follow short 
treatment to dissolve soap. 

Caustic treatment is effective in re- 
ducing the clogging from grease and 
other organic solids. It frequently 
must be followed by acid treatment to 
show marked results due to presence 
of other clogging elements. 

Repeated hot caustic treatment over 
a period of several years should be 
done with caution because the silica 
content of the bond is slightly soluble 
therein. The structure accordingly 
would be weakened. 


4. DETERGENT—WaATER Jet TREAT- 
MENT has the principal steps as out- 
lined for cleaning plates in place and 
can be followed for cleaning of re- 
moved plates or tubes. 


Economics of Diffuser 
Maintenance 


As stated in the introductory anal- 
ysis and review of the maintenance 
problem, the entire basis of its con- 
sideration must be that of cost. The 
elements of plant operation cost are 
so inter-related, especially within the 
diffuser system or “heart”, that the 
economics of maintenance are ex- 
tremely complicated. 

It is apparent that diffuser econom- 
ics is a special and extensive subject 
in itself. This concluding section, 
therefore, will merely outline the fac- 


R-289 


tors closely related to diffuser clean- 
ing. 

With the exception of large acti- 
vated sludge plants, it is doubtful that 
many plants keep a separate accurate 
accounting on: increase of power 
cost, diffuser maintenance, and re- 
placement sinking fund, for the dif- 
fuser system. Such records are criti- 
cal, however, in establishing a clear 
picture of this subject. They will en- 
able management to know how far it 
is possible to go in each direction in 
order to preserve an economic bal- 
ance and to establish a realistic 
budget. 

Cost of cleaning by the various 
methods reported vary extremely be- 
cause of the variable degree of treat- 
ment required in each case, as well 
as the variation in cleaning method, 
plant size, labor required and other 
local factors. It is impossible, there- 
fore, to put a price tag on each meth- 
od as listed in the foregoing section. 
Under 1950 conditions, the cost of 
cleaning would appear to vary from a 
minimum of perhaps $0.10 per unit 
for the most simple methods (except 
drying), up to about $1.75 per unit 
for reburning. 

A somewhat forgotten, yet quite 
important, factor in this problem of 
maintenance, is that of diffuser per- 
meability. In the first place, diffusers 
do not clog uniformly from inlet to 
outlet of tanks. The permeability, 
therefore, will decrease and the pres- 
sure loss will increase by variable 
amounts, resulting in non-uniform 
aeration and decrease in over-all effi- 
ciency. 

When it comes to cleaning, it is 
obvious that all diffuser units will not 
respond uniformly to treatment so 
that considerable variation from or- 
iginal permeability ratings will result. 
Without retesting and subsequent re- 
installation in accordance with spec- 
ification No. 3 under INSTALLATION, 
a tank equipped with cleaned diffuser 
units would resume operation with 
some non-uniformity. There is an 
automatic tendency towards correc- 
tion of initial non-uniformity, but it 
is believed that equalization takes 
place at a slightly higher pressure 
than may be necessary. 

Most of the large activated sludge 
plants are equipped with diffuser per- 
meability test apparatus. Where 
smaller plants find it essential to 
adopt regular cleaning, the installation 
of simple testing equipment will be 
found profitable. 

Summarizing this phase of the sub- 
ject, one can only return to the or- 
iginal theme, expressed by one word: 
prevention. Observation and practice 
of the factors of prevention as out- 
lined herein will pay large dividends. 
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WALLACE & TIERNAN 


INCORPORATED 


CHLORINATORS AND CHEMICAL FEEDERS 
25 MAIN STREET, BELLEVILLE 9, NEW JERSEY 


REPRESENTED IN PRINCIPAL CITIES 


Canada: Wallace & Tiernan Ltd., Montreal, Toronto, Winnipeg, Calgary 
England: Wallace & Tiernan Ltd., London 





DISINFECTION OF SEWAGE 


The need for sewage disinfection cannot today be 
overlooked. With increasing population the growing 
demands on water supplies necessitate using sources of 
supply hitherto considered unsuitable. The increasing 
popularity of swimming has led to the use of the most 
available bathing beaches, lakes and water courses. The 
national resentment against the pollution of streams and 
rivers is gaining momentum. All of these have cen- 
tered the attention of sanitarians on sewage treatment. 
As a final measure of securing complete health protec- 
tion, sewage disinfection, with chlorine, is accepted 
practice. 


W &T Series A-711 V-notch Chlorinator 
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ODOR CONTROL 


The control of obnoxious odors from sewage treat- 
ment works, long outfall sewers and other disposal 
plant appurtenances is distinctly a field for chlorination. 
Neutralization of hydrogen sulfide (the gas responsible 
for these obnoxious odors), or prevention of its forma- 
tion by controlled application of chlorine, is not only 
quite practicable but also results in economy of opera- 
tion due to reduction of deterioration in interceptors 
and allied appurtenances. 


B.O.D. REDUCTION 


Treatment plants discharging effluents into water 
courses having extreme seasonal variation in flow have 
profited from controlled chlorination to reduce bio- 
chemical oxygen demand. Field tests have often shown 
a reduction in the five day B.O.D. of up to 30 per cent. 


OTHER ADVANTAGES 


Similarly, chlorine prevents filter “ponding.” It is 
also widely used to prevent sludge “bulking.” Where 
grease is a problem, chlorine will aid in its removal and 
minimize its accumulation in small pipes and spray 
heads. When added to return supernatant liquor from 
digesters, chlorine tends to counteract the impact of 
highly putrefactive liquids from fresh sewage. The 
thickening of sludge may be greatly benefited by the 
maintenance of a “chlorine blanket” in the supernatant 
above the sludge. Chlorine is also useful in the prepa- 
ration of coagulants such as “chlorinated copperas.” 
Difficult trade wastes, such as those containing cyan- 
ides, can be effectively purified by designing means for 
the application of chlorine into the process. 


EQUIPMENT 


For every sewage plant, there is W&T Equipment 
to fit. V-notch chlorinators and Visible Vacuum 
Chlorinators with capacities from ounces to 8000 
pounds per day—Solution Feed and Direct Feed 
Chlorinators for small plants—and Reagent and 
Chemical Feeders to meet many varied chemical 
treating applications. All W&T Apparatus is backed 
by over thirty years’ experience. 


TECHNICAL INFORMATION 


W&T representatives will gladly discuss any sewage 
chlorination problem. Technical bulletins on the many 
phases of sewage chlorination and W&T Chlorinators 
will be sent on request. 














Sewage Chlorination 


HE application of chlorine, or its 

compounds, to water or wastes 
must be controlled within definite 
limits to insure economical and satis- 
factory attainment of established ob- 
jectives. Chlorine is unique among 
water treatment chemicals, not only in 
its applications, but also in methods 
and equipment available for process 
regulations. Operators must be aware 
of the overall purposes of chlorina- 
tion in order to control the processes 
which will achieve them. 


Chlorination Objectives 


Disinfection continues to be the 
foremost objective in chlorination of 
water and domestic wastes. Second- 
ary purposes utilizing chlorine have 
developed, and pre-, post-, or plain 
chlorination may be practiced. The 
process has been extended from rela- 
tively simple plant effluent disinfec- 
tion to include ramifications of in- 
triguing complexity. 


Disinfection 


When chlorine is applied for disin- 
fection, it would appear that measure- 
ments of bacterial destruction should 
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Fig. 1—AMPEROMETRIC Titrator 
to measure chlorine. Relative con- 
centrations of free available and 
combined available chlorine can 
be determined. 


by V. W. LANGWORTHY 


Development Engineer, Omega Machine Co., 
Div. of B-I-F. Industries, Inc., Providence, R.!. 


be used to indicate the success of 
the treatment. Unfortunately, bacteri- 
ological methods are time-consuming 
to the extent that results become 
available too late to be of practical 
value in dosage control. 

We have been forced, therefore, to 
accept an intermediate scheme of 
chemical testing which experience has 
shown to be adequate. Chlorine resid- 
ual values have been accepted as the 
basis of control in the chlorination 
process. Bacteriological sampling has 


become a matter of spot checking to 
determine whether or not disinfection 
is actually being accomplished. 

For purposes of disinfection, wa- 
ter or sewage may be chlorinated at 
the effluent end of the treatment 
process. Sufficient dosage must be 
maintained to establish a chlorine 
residual after a definite contact time. 
The magnitude of the chlorine re- 
sidual required is determined by bac- 
teriological sampling as noted earlier. 
The degree of bacterial kill required 
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Fig. 2—CHLORINE residual recorders. 
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is extremely high in the case of public 
The extent of disin- 
plant 
local 


water supplies 
fection required for 
effluent vat 


sewage 
ies, depending on 
be noted that of the 
pplied, none can be de- 

for disinfection until the 
demand has been satisfied. 
ue that certain of the products 
chlorine 


ned in satisfying the 


demand will exert bactericidal action, 
but chemical analyses do not provide 

correlation to permit 
Sufficient 
chlorine must be added to establish 


close enough 
dosage control on this basis 


7 


1 residual known previously to have 
been bactericidal 


Sewage Chlorination 


Among the 
chlorination 


secondary purposes in 


ewage are: odor con- 
1. B.O.D. reduction, aid to settling, 
am control in Imhoff units, prevent- 
ter ponding, control of sludge 
issist sludge thickening, and 

lit 


lings caused by digester 


rnatant liquor return 





[It is not possible for one applica- 
tion of chlorine to assist in solving all 
problems incident to sewage treat- 
ment. Upsewer chlorination can con- 
tribute to odor control and reduce 
the B.O.D. load imposed on the treat- 
ment works. Prechlorination at the 
plant entrance controls odors and 
might make substantial improvements 
in solids removal by the settling 
units. 

Chlorination of primary settling 
tank effluent improves trickling filter 
operation, while chlorine added to 
return activated sludge serves to con- 
trol sludge bulking. The B.O.D. load- 
ing carried to primary settling tanks 
by digester supernatant return may 
be reduced by chlorination. 

Chlorine applied to trickling filter 
and activated sludge processes must 
be controlled to prevent interference 
with plant efficiency. Caution must 
be exercised when prechlorination is 
practiced for odor control, to control 
chlorine dosage so that septicity is 
prevented, but not to accomplish dis- 
infection. Many operators determine 
chlorine demand and adjust pre- 
chlorination units to remove one-half 
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Fig. 3—AUTOMATIC CHLORINIZER and Chronoflo Transmitter. 
£ flow indicated by transmitter and proportional dosage rate maintained by 
Chlorinizer. 
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of the chlorine demand when treating 
to prevent septic conditions. Other 
operators report that chlorine residu- 
als must be established in order to 
provide effective odor control. 

Odors and ponding at trickling 
filter plants have been controlled by 
chlorination. Control of chlorination 
to satisfy fifty to seventy-five per cent 
of the chlorine demand will not ad- 
versely effect the biological growth 
on the filter stones, but will control 
odors. Filter ponding, when caused 
by organic accumulations, may be 
alleviated by chlorinating the filter 
influent to produce 2 to 10 ppm re- 
sidual chlorine at the nozzles*. Re- 
siduals in the lower range may not up- 
set filter operation, but for ponding 
control, higher residuals should be 
attempted intermittently, such as once 
a week. 

Chlorination at activated sludge 
plants to prevent sludge bulking is 
predicated on the selective control of 
biological life in the sludge returned 


*Manual of Practice No. 4, “Chlorination 
of Sewage and Industrial Wastes. Federation 
of Sewage and Ind. Wastes Assns. (1951). 
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Fig. 4—PROGRAM CHLORINATOR 
push button type. 


Other units use cam operated control, 





to primary units. Too much chlorine 
would have a deleterious effect on the 
normal biological organisms depended 
on to carry out the treatment process. 
The procedure involves intermittent 
application of chlorine in a controlled 
dosage dependent on ppm solids in 
the returned sludge, the rate in mgd 
at which sludge is returned, and on 
the sludge index. 


Industrial Wastes Chlorination 


Programs for the abatement of 
stream pollution have required in- 
dustry to examine ways and means 
of controlling and treating waste dis- 
charges to prevent fouling of sur- 
face waters. Industrial wastes which 
respond directly to chlorination are 
electroplating wastes containing cya- 
nides and chemical manufacturing 
wastes containing phenols. This 
treatment has been widely accepted 
since cyanides and phenols are toxic 
to fish life and may cause stream 
degradation when discharged un- 
treated. Chlorine together with an 
alkali may be used to oxidize either 
of these compounds, provided proper 
pH conditions and free available 
chlorine residuais of sufficient mag- 
nitude are maintained during the 
available contact period. Chlorine 
dosages usually exceed the theoretical 
requirement due to the presence of 
additional oxidizable materials. 


Where waste treatment plant efflu- 
ent is conserved for reuse, such as 
irrigation or industrial process water, 
chlorine serves as a disinfecting agent 
to prevent disease transmission, in 
addition to oxidizing objectionable 
waste products. 


Residual Testing Equipment 


Various colorimetric procedures 
have been proposed for chlorine resid- 
ual determination. Ortho-tolidine re- 
mains the reagent specified in Stand- 
ard Methods for the Examination of 
Water and Sewage, and several types 
of commercial comparators are in use 
(Fig. 31). From the foregoing discus- 
sion it appears that any colorimetric 
method would be liable to interfer- 
ence from color or turbidity. The 
ortho-tolidine procedure does have its 
limitations and, while improvements 
have been made in the method, it falls 
short of the ideal technique. 


If recognition is given to the lim- 
itations of the ortho-tolidine method, 
it may be used to make chlorine resid- 
ual determinations sufficiently accu- 
rate for most purposes. Interference 


due to iron, manganese and nitrites 
may be offset by following the ortho- 
tolidine-arsenite (OTA) modifica- 
tion. When sewage contains indus- 
trial wastes of an interfering nature, 
the ortho-tolidine method is a poor 
indicator for residual chlorine. 


In water purification, the break- 
point and superchlorination processes 
must be controlled to provide free 
available chlorine residuals for mini- 
mum contact perods. The ortho- 
tolidine-arsenite modification permits 
reasonably quantitative estimation of 
free and combined available chlorine 
residuals. 

The Amperometric Titrator* ap- 
parently overcomes the shortcomings 
of the ortho-tolidine colorimetric 
method (Fig. 1). This instrument 
measures the low flow of electric cur- 
rent which is produced when a sample 
containing chlorine is titrated with a 
suitable reagent. Residual chlorine 
may be determined quantitatively, and 
it is possible to differentiate between 
free available and combined available 
residual chlorine by pH adjustment 
of the sample. The writer’s experi- 
ence indicates that the amperometric 
titrator measures more of the germi- 
cidal combined chlorine than is pos- 
sible using the standard ortho-tolidine 
colorimetric procedure. 


The Residual Recorder* repre- 
sents a significant advancement in the 
field of sanitation (Fig. 2). This in- 
strument provides a continuous indi- 
cation of chlorine residuals and pro- 
vides a permanent record of daily re- 
sults. Interruptions in chlorine ap- 
plication and variations in chlorine 
demand can be announced by alarms 
which are available as accessories with 
the apparatus. Further refinements 
may eventually include provisions for 
automatically varying the application 
rate. 


Proportional Flow Control 


Trends toward instrumentation and 
automatic operation in industry have 
been evidenced in the field of sanita- 
tion. Chlorine dispensing equipment 
has been developed which will re- 
spond to variations in flow of the 
medium being chlorinated (Fig. 3). 
This is an important feature, one 
which greatly increases the efficiency 
of treatment and simplifies the re- 
sponsibilities of operating personnel. 

The operation of automatic propor- 
tioning equipment depends on pres- 


*Products of Wallace & Tiernan Co., Inc. 
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sure differentials produced when a 
liquid flows through a Venturi tube, 
orifice plate, Kennison nozzle, or 
Parshall flume. The differentials re- 
sulting from flow changes are trans- 
mitted to converting units which 
cause the chlorine dispenser to alter 
its dosage at a corresponding rate. 

Changes in chlorine demand cannot 
be interpreted by automatic propor- 
tioning installations, consequently the 
operator must make manual adjust- 
ments to insure adequate feed of 
chlorine. The equipment will pace the 
chlorine dosage automatically propor- 
tional to liquid flow for any manual 
setting. 


Program Control 


The term “program control” is 
used to denote intermittent chlorine 
dosage according to a pre-determined 
schedule. Such applications include 
chlorination of cooling water lines 
for slime control and _ installations 
where pumps operate on a pre-set 
schedule, etc. Equipment has been 
developed which will permit chlorine 
application on an intermittent basis 
over a twenty-four hour period. 

In program control chlorination, ad- 
vance information is required so that 
appropriate time settings may be 
made to schedule chlorine dosage at 
a pre-selected rate over the time in- 
terval desired. Program controllers 
are available which operate either on a 
cam rotation or push button principle 
(Fig. 4). 


Summary 


Dosage control must be recognized 
as the foundation upon which a suc- 
cessful program of chlorination is 
built. Proper dosages for disinfection 
greatly exceed amounts necessary for 
odor control at sewage works. The 
amount of chlorine required to dis- 
infect a water supply on one day (or 
even one hour) might fall far short of 
adequacy or constitute overchlorina- 
tion on the following day (or hour), 
even though the volumes of water 
treated are equal. 

Determinations of residual chlorine 
indicate whether or not sufficient 
chlorine has been added to establish 
desired conditions. Operating person- 
nel must realize the limitations of 
chlorine residual test methods and, 
where possible, relate chlorine dosage 
directly to results accomplished. 

Automatic devices have made sub- 
stantial contributions to facilitate dos- 
age control, but plant operators must 
make manual adjustments for varia- 
tions in chlorine demand. 
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WEMCO TORQUE FLOW SOLIDS PUMP 


If you want a truly 
"Never Clog Pump" specify as follows: 


for many outstanding 


prin 


Wemceo s 


pie 


Torque Flow design has been responsible 


never clog’ records. The 


s fully explained in available literature 


it will save you thousands of dollars in operating 
costs. For fy*ther details contact our representative 


in your area or write direct. 


‘Pump shall be of the non-clogging vortex type 
with recessed impeller mounted completely out of the 
flow path between pump inlet and discharge 
connections to enable passage of solids particles 
equivalent to discharge pipe diameter.''* 


*Taken from consultants specifications for sewage and sludge pumps 


FOR LIFT STATION SERVICE: 


Unattended, continuous 
operation is the standard 
operating procedure with 
Wemco Torque Flow Solids 
Pumps. Bar screens are 
eliminated. Frequent 
inspections are not required. 
Costly maintenance is 
eliminated. ‘Never clog 
operation’ is inherent in the 
pump’s design. 


At Torrance, California 


FOR SLUDGE PUMPING: 


General Specifications: 
Sizes: 3” through 8” 
Material: Cast Iron 
Capacities: 50 GPM to 
2500 GPM 

Heads: Up to 100’ 
Necessary Clearance 
Adjustment: None 
Models: Horizontal or 
Vertical (Most sizes) 
Drive: V-Belt, Varidrive or 
direct connected 

(Most models) 


TRANSFER OR RECIRCULATION, RAW OR DIGESTED 


Sludges with high percentage 
of solids are handled without 
blockage. Suction lifts are 
extremely high at both high 
and low volume. Long wear life 
of parts and complete freedom 
from clogging on rags and 
fibers prevents down time 
losses and high maintenance 


At Rockaway, New York 


General Specifications: 
Size: 2” through 8” 
Material: Cast Iron or 
Ni-Hard 

Capacities: 50 GPM to 
2500 GPM 

Heads: Up to 100’ 
Necessary Clearance 
Adjustment: None 
Models: Horizontal or 
Vertical (Most sizes) 
Drive: V-Belt, Varidrive or 
direct connected 

(Most models) 


FOR GRIT HANDLING OR DIGESTER CLEANOUT: 


Wemco Solids Pump never 
clogs either in continuous or 
intermittent operation. Long 
wear life and no blockage 
combine to provide the 
ultimate in overall low cost 
material handling. 


At Los Angeles County, California 


General Specifications: 
Sizes: 2” through 8” 
Material: Ni-Hard 
Capacities: 50 GPM to 
2500 GPM 

Heads: Up to 100’ 
Necessary Clearance 
Adjustment: None 

Model: Horizontal only 
Drive: V-belt or Varidrive 


On Sanitation Pumping 
Problems consult your local 
Wemco representative: 


Atlanta 5, Georgia, 

W. D. Tavimon & Associotes, 

P. ©. Box 436, Northside Branch 
Baltimore 1, Maryland, 
Stvert Corporation 

516 North Charles Street 
Boston (Newton Lower Falls, 
Massachusetts), 

Engineering Sales Corporation 
2300 Washington Street 
Chicago 44, Iilinois, 

O. A. DeCelle ond Associates 
4900 West Modison Street 
Columbus 12, Ohio, 

Robert F. McGivern ond Associotes 
1771 West Fifth Avenve 

Dallas 25, Texas, 

L. E. Livingston and Son 

3921 Purdue Street 

Dearborn, Michigan, 
Michigan Hydrant & Valve Mig. Co 
8747 Brandt Avenve 

Honolulu, Hewoii, 

Electric Steel Foundry Compony 
P. O. Box 1920 

Houston (Bellaire), Texas, 

L. E. Livingston, Jr 

504 Winslow Lane 

Kansas City (Merriam, Konses), 
Smith ond Loveless, Inc 

62nd and Merriam Drive 

los Angeles 22, California, 
Engineers Soles-Service Co., Inc 
1425 South Atlontic Bivd 

New Orleans 12, Lovisiona, 
Menge Pump & Machinery 
Company 

549 Dryodes Street 

New York 7, New York, 
Turbine Equipment Company 
63 Vesey Street 

Orlando, Florida, 

E. K. Phelps 

426 South Eola Drive 
Philadelphia 

(Narbeth, Pennsylvania), 
Atherholt. Brinton & Glover 

529 Brookhurst Avenve 

Salt Leke City, Utah, 

Wayne Wiscomb Company 

P. O. Box 19, Sugar House Station 
Seattle, Washington 

H. D. Fowler Co., Inc 

P. ©. Box 3084 

St. Lovis 24, Missouri, 

E. W. Butler & Associates 

8515 Deimor 

St. Paul 4, Minnesota, 

Michel Soles Co., Inc 

2045 Marshall Avenue 

Toronto 9, Ontarie 

United Stee! Corporation, Lid. 
Sanitation Equipment Division 
Tulse 3, Oklahoma, 

Bagwe!li Compony 

102 East Ninth Street 
Vancouver 10, B.C., 

Harvey Carruthers, Ltd 

9 East Broadway 





WESTERN 
MACHINERY 
COMPANY 


650 FIFTH STREET, SAN FRANCISCO 7, CALIF. 


Representatives in principal cities of the United Stotes and Canada and in major cities throughout the world, 











HE DISPOSAL of sludge is a 

major problem in a sewage treat- 
ment plant. Facilities for handling 
sludge add to the cost of construction 
and operation. Problems peculiar to 
the handling of sludge vary accord- 
ing to the type of sludge being 
handled. 

Raw sludge from primary treat- 
ment plants contains from 5 to 8 per 
cent solids of heterogeneous nature in- 
cluding coarse particles, fibrous ma- 
terial, grease, fine sand, trash and 
ground screenings (where screenings 
are comminuted.) Activated sludge 
and trickling filter sludge is relatively 
homogeneous, with less than 3 per 
cent solids and presents few hydraulic 
or mechanical problems in handling ; 
trickling filter humus is similar. 


Screenings and Skimmings 


Problems of handling ground 
screenings can be reduced by using 
screens with openings of %4 to 1 in. 
and discharging the ground screen- 
ings ahead of the screens. Coarse ma- 
terial leaving the grinder is caught 
again and reground. 

Skimmings consist of all types of 
flotable material which will rise in a 
sedimentation tank. This material is 
frequently skimmed off to wells from 
which it is pumped to digesters along 
with the raw sludge. A major per- 
centage of this heterogeneous material 
is grease which includes fats, waxes, 
soap and oils. In addition to these 
substances, skimmings also contain 
sticks, matches, leaves, paper, feces, 
soap, rags, hair, and other miscellan- 
eous objects. 

In some plants, skimmings have 
been sold for their grease content but 
this practice is not generally econom- 
ically feasible. In other installations, 
skimmings are burned in special in- 
cinerators. Where skimmings are 
transferred to digestion tanks with 
raw sludge, the resulting problems in- 
clude pumping difficulties, clogged 
lines and meters and scum formation 
in digesters. 

Pumping difficulties result from the 
congealed character of the skimmings 
and their resistance to flow. This prob- 





* Material for these notes was obtained 
from “Problems in Sludge Handling” by 
C. R. Velzy—Wat. & Sew. Whs., Ref. & 
Data issue, Apr. 1948. 


SLUDGE HANDLING" 


lem is overcome to some extent by in- 
troducing excess water with the skim- 
mings in the well and ahead of the 
pump suction. Sludge lines handling 
skimmings become reduced in size and 
may even clog entirely due to the de- 
position of the grease on the inside 
surface of the lines. 

Metering of skimmings is difficult 
because of the tendency of the ma- 
terial to deposit on the inside surfaces 
of the measuring devices and to clog 
the throat of differential producers. 


Pumping Sludge 


Pumps employed for raw sludge 
may be positive displacement piston 
pumps or “screw-feed” centrifugal 
pumps or a combination grinder and 
centrifugal pump. Clogless centrifugal 
pumps have come into use in recent 
years. 

The choice of pump will usually 
consider factors of location, type of 
sludge, suction and discharge head, 
etc. Generally, raw sludge pumps are 
placed in pumping stations below the 
water level in the sedimentation tanks 
and therefore operate under a positive 
suction head. Provision must be made 
for a build up of pressure resulting 
from depositions in the discharge line. 
Thus rugged equipment is required. 
It is always desirable to have a mini- 
mum length suction pipe and as few 
bends as possible in the suction line. 

Maintenance on sludge pumping 
equipment is high, wear on packing is 
rapid. This is especially true where 
the sewage comes from a combined 
system and contains fine grit (80 to 
100 mesh). Cleanliness is a problem 
in sludge pumping stations caused by 
leaking packing, cleaning obstructions 
from pumps, and drawing samples. 


Piping 

The sizing of pipe for sludge pump 
discharge lines presents a problem in 
sludge handling. Some designers pre- 
fer small pipes to produce high scour 
velocities and prevent deposition in 
the pipe line ; others prefer large pipes 
which give low velocities with low 
head loss. These pipe lines should 
have as few bends as possible and 
cleanout holes at elbows are desirable. 

Where skimmings are pumped 
through raw sludge lines and deposi- 
tion of grease occurs, cleaning may 








be done by steam injection to heat the 
water in the lines. For cast iron pipe 
this heating (and cooling) must be 
slow and controlled to prevent crack- 
ing. Temperatures of 150 to 180 deg 
F are desirable. The use of steel pipe 
for sludge lines is warranted where 
steam cleaning is to be used and it has 
been suggested that twin lines be in- 
stalled so that interruption to pump- 
ing can be avoided during cleaning 
operations. 


Metering 


3ecause of the nature of the mate- 
rial being metered, and the tendency 
to clog, the metering device should be 
the simplest possible. A Venturi tube 
especially designed for handling the 
sludge and with continuous flushing 
systems for the pressure connections 
is the most practical. 

Some designers do not include met- 
ering devices in sludge lines, first be- 
cause of the difficulties of keeping the 
device clean and secondly because the 
nature of sludge makes it difficult to 
measure rate of flow. Other design- 
ers believe that a measurement of 
sludge pumping discharge, even if 
inaccurate, is desirable. It indicates 
whether or not pumps are operating 
or plugged, and it gives some indica- 
tion of the amount of sludge removed 
in the settling tank and the loading 
on the digestion tanks. Both factors 
are important to good operation. 


Miscellaneous Problems 


Sampling of sludge presents diffi- 
culties, yet is essential to control of 
loadings on digesters as well as deter- 
mining the effectiveness of sedimen- 
tation. In order to control the con- 
centration of sludge discharged to 
digesters, it is necessary to sample 
frequently to make sure that the con- 
centration of sludge being pumped is 
at the desired level. This control pre- 
vents the costly pumping of volumes 
of cold water into digesters. 

The handling of secondary sludge 
is not as difficult as raw sludge; it 
presents few problems of pumping or 
clogging of lines. Sampling is re- 
quired in order to control the amount 
of free water pumped with the sludge. 
In some instances, secondary sludge 
is thickened to reduce its water con- 
tent before it is discharged to digest- 
ers or other disposal processes. 
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Controlled Humus Production 
by Separate Sludge Digestion and Drying 


Eastern Sales Manaaer, Pacific Flus 


S BERNARD M. BARUCH has 
A “Because of the great 
abundance of the earth’s resources we 
have taken them for granted.” “Since 
our real wealth—as opposed to the 
product of the government printing 
presses—is drawn from the earth, in 
always limited quantities as minerals, 
food, wood, water and wildlife, de- 
struction of the earth’s surface, and 
waste of its products have a cogent 

that touches the life, today 
and tomorrow, of every human being.’ 

1 his book Road to Survival, Wil- 
liam Vogt states that three hundred 
years ago approximately half of the 
total area of the United States was 
forests. “Most of our 
Salmon were so 
eastern rivers that in- 
dentured servants included in their 
articles a limitation on the numbers of 
times a week they should have to eat 
this 


observ ed 


neaning 


covered with 
rivers ran clear... 


abundant in 


fish.” 


by LEONARD L. LANGFORD 


h Tank Co. Port Chester 


Erosion 

American civilization, founded on 
9 in. of topsoil, has now lost one-third 
of this soil. During the past one 
hundred years, the Potomac River 
has carried more than half a billion 
tons of soil past Washington. Since 
early colonial days, erosion has re- 
moved from one-fourth to three- 
fourths of the best part of the crop- 
producing topsoil from more than five 
million acres of the complete Potomac 
River drainage basin. 

The consequences of insufficient 
ground cover of the right type—.e. 
topsoil—are reflected in another prob- 
lem “that should worry a good many 
Americans our underground 
waters. Throughout much of the 
United States the water table is fall- 
ing.”". In the Baltimore area, for 
example, presumably as a correlative 
of the erosion and siltation just re- 
ferred to, the water table has dropped 
148 feet in 32 years. 


New York 


With the need for topsoil so press- 
ing, we cannot as a nation afford to 
continue to throw away the valuable 
organic humus of digested sludge. 


Principles of Manufacture 

As every separate sludge digestion 
facility is to some degree producing 
tons of material, the humus value of 
which has largely been overlooked, 
why not consider the reduction of 
sewage-waste solids as a (biological) 
manufacturing process? As the result 
of extended bacteriological research, 
Bushwell has stated that we can con- 
trol the process of sludge digestion 
by methods similar to those of other 
fermentation industries?. 

While the mechanical details of 
tanks and equipment are of impor- 
tance and while chemicals occasional- 
ly play a leading role, we are com- 
pletely dependent on natural biologi- 
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ADMINISTRATION building and digester, Central Delaware (Pa.) sewage treatment plant 


cal activity in the manufacture of an 
acceptable end-product which is po- 
tentially saleable as a fertilizer base. 

Major problems facing those re- 
sponsible for the processing of waste 
organic solids include: 

1. Lack of adequate process facil- 
ities ; 
Interfering raw materials; and 
Inadequate funds for Works op- 
eration and plant maintenance. 

Before being able to intelligently 
survey any given facility and turn 
out an acceptable product, a Works 
Manager must have an understanding 
of the theoretical fundamentals of 
bacteriological decomposition of or- 
ganic matter 


)? 
? 
5 


Theory of Digestion 


1. The process of decomposition of 
sewage-garbage wastes involves 
microbial and chemical action. The 
former is biological, including action 
of bacteria, fungi, yeasts, protozoa, 
enzymes, etc., whereas the latter com- 
prises hydrolysis (a chemical reaction 
produced by decomposition of a com- 
pound in which its elements take up 
water) and oxidation and reduction 
(the separation of an element from 
other elements combined with it). 

2. Raw sludge is composed in part 
of organic constituents such as sugars, 
starches, cellulose and lignins. The 
extent of decomposition of such car- 
bohydrates depends not only on the 
nature of the microorganisms, but 
also on the nature and amount of 
available nitrogen, as pointed out by 
Waksman.* 

3. Digestion is dependent upon bio- 
logical action of microorganisms 
which fortunately sewage-garbage 


wastes normally contain. The organ- 
isms utilize the organic matter as food 
supply for their growth and energy. 
Resulting from their metabolism. 
there are produced the intermediate 
products of sludge-liquor and meth- 
ane gas, and the end-product of di- 
gested sludge, or humus. 

4. The rate of digestion is influ 
enced by environmental factors, such 
as temperature, reaction (pH), oxi 
dation-reduction potential, as well as 
by the chemical composition of the 
solids. 

Cognizance must be taken of the 
three general divisions in an anerobic 
digestion process, which according to 
Rudolfs* include : 


(a) Intense acid production 
(b) Acid regression (digestion ) 
(c) Intensive digestion of more 
resistant materials. 

A fourth division might be designated 
as a period of decreasing gasification 
as digestion is completed, with an in- 
crease in pH and representing a “hu- 
mification” stage. 

The presence of carbohydrates in 
any appreciable quantity accentuates 
the tendency towards acidity. The 
presence of alkaline salts as are found 
in hard waters or in humus-like bod- 
ies associated with well-digested 
sludge, serves as a buffer against the 
development of detrimental acidities. 
As the organic acids formed in the 
first stages of digestion are neutral- 
ized by the products of the second 
and third stages, activities reach an 
equilibrium. 

In actual practice all stages of di- 
gestion are, to some extent, present 
simultaneously ; particularly in a pri- 
mary tank. Proper balance can best 


be maintained by the frequent addi- 
tion of fresh raw solids thoroughly 
mixed with well buffered (digested ) 
material. While E. B. Phelps reported 
digestion of 10 percent per day, yield- 
ing 90 percent digestion in 22 days 
and 95 percent in 28 days, current 
process efficiency has increased such 
rates materially. 


Plant and Structures 

The site of the sewage treatment 
plant, as of most manufacturing 
plants, is largely determined by the 
availability of raw material, the cost 
of land, and adequacy of suitable fin- 
ished product disposal. Unlike most 
factories, whose structures and equip- 
ment must meet minimum standards 
of safety and production, too often 
the process of humus production bears 
little relationship to recognized effi- 
ciency and health standards. The de- 
sign of tanks, machinery layout, flow 
of material, and automatic and safety 
controls is all too frequently deter- 
mined by political as well as pseudo- 
economic considerations. Also, while 
plans and specifications may be ade- 
quate, the works are constructed on 
the basis of lowest initial cost, rather 
than on experience and knowledge of 
the peculiarities of process and equip- 
ment requirements. 

When placed into operation, the 
works are not necessarily complete. 
All machinery may not have been 
tuned up, instruments may not have 
been calibrated, operation schedules 
and production work sheets may not 
have been drafted, nor maintenance 
schedules considered. Too often lab- 
oratory apparatus is not available dur- 
ing the initial operating period when 
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so greatly needed, particularly 

such items as a Pang Sampler and a 
Hellige electronic pH-Meter. 

Unfortunately, months and oftimes 

lapse before the Works Man- 

prevail upon the (sewer) 

| Directors for funds which 

made available for required 

small tools, replacement pipe fittings, 

ntal lighting and _ electric 

power outlets, hose and fittings, port- 

ible pumps, grease and oil, cleaning 

ladders and rope. The 1m- 

mediate availability of fire extinguish- 

oxygen masks, safety harness and 

other items of industrial safety equip- 

ment might prevent an injury or save 


1 
utensils, 


ers, 


a ire 

structions of such parts of 

piping or machinery, the 

iginal design or construction of 

uch proves to be inadequate, ineffi- 
hazardous, should be under- 


as possible. Equipment 


Recor 


structur 


iS SOooT) 
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Where 

ncy is impaired as the 
pumps improper 

head characteristics, or 
piping 
should 


usually be relocated 


which are 

1 in method of 
ms, Management 

make suitable changes promptly. The 

location of a valve, or addition of a 
lved cross-connection-in sludge pip 


g might enhance operating efficien 
several-fold. Installation of vacuum 
ind pressure gauges at sludge pumps, 
of ammeters located in pump motor 
ircuits, recording thermometers for 

g temperatures, 
supplemental gauges, 
sludge level indicators equipped with 
low level alarms, pays divi- 
dends Additional 
points of back-flushing of sludge pip- 
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ing can result in the saving of many 
man hours per year. All too frequent- 
ly, means for observing and for sam- 
pling raw material pumped into a di- 
gester are either lacking or inade- 
quate, as are means for adding chem- 
icals, when required. 


The Raw Materials 


Unlike most other manufacturing 
plants, in the production of humus 
from municipal sewage-garbage sol- 
ids, the Works must adapt itself to 
handling a very uneven delivery of 
raw material. Its variation in quality 
and quantity on an hourly, daily and 
seasonal demands the utmost 
flexibility in plant and process facili- 
ties, together with conscientious 
adaptability of supervisory personnel. 
This raw material may be primary, 
intermediate, waste activated, or sec- 
ondary sludge, or a mixture of any 
of them. It is the settleable portion of 
the suspended solids in the raw sew- 
age which is to be converted into an 
inoffensive humus. 

When it is known or suspected 
that industrial waste is being received, 
the following check list can be used 
to determine its characteristics :5 

1. Volume variation—daily, hourly 

or seasonally 

2. Chemical composition—biologi- 

cal, mineral, organic 

3. Physical composition—color, oil, 

sediment, temperature, etc. 

[It is important that these solids be 
in as fresh a condition as possible. 
Use of fresh solids will “automatical- 
ly increase process efficiency and re- 
duce costs” according to Hood*, who 
further points out that, “When the 
pH-alkalinity value of a sewage com- 
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“Pearth" gas recirculation system 


pares closely to that of the water sup- 
ply (of which it is constituted) then 
the sewage is necessarily in a fresh 
condition”. Stale solids are difficult 
to withdraw as the result of their ini 
tial decomposition within the sedi- 
mentation tanks, or earlier. The ex- 
tent to which this condition may prog 
ress may be influenced by: 


the type, extent and condition 
of the collection system 


(a) 


the rate of sewage flow 


(b) 

(c) 
The more the rate of transfer of raw 
sludge to the digester agrees with the 
rate of settling in the sedimentation 
unit, the more efficient will be the 
operation of both units! This involves 
as nearly continuous transfer as 1s 
practicable, preferably by means of 
time-clock operation of a displace- 
ment pump. 

If sludge pumps are located below 
grade, be certain that there is ade- 
quate ventilation with all doors and 
windows tightly shut. Plant personnel 
should be acquainted with the Fed- 
eration’s Manual of Practice No. 1." 

Raw sludge, preferably preheated 
and inoculated, should be introduced 
within the digester near the center of 
the tank and adjacent to the gas dome 
area. Volume of raw sludge input, as 
determined by the sludge level indi- 
cator, should be noted on the daily 
operating log. 

Discharge or sludge-liquor of opti- 
mum temperature, containing great 
numbers of virile organisms of suit- 
able types within the general area of 
the gas dome in sufficient quantity 
to maintain adequate digester tem- 
perature, will prevent top-sludge ac- 


the temperature of the sewage 





INTERIOR of modern sludge control building, Levittown, Pa. 


cumulation of consequence at a num- 
ber of Works. 

Means should be provided for con- 
trolled, observable withdraw of super- 
natant liquor. The nearly continuous 
removal of such liquor is generally 
desirable because of the space it re- 
quires, as well as its effect upon the 
material into which it is discharged. 
Beneficial use can frequently be made 
of supernatant or sludge-liquor, in 
connection with oxidation of settled 
sewage.® 

While heavy bottom-sludge should 
not be agitated immediately prior to 
transfer to succeeding process units, 
it can be used to advantage by mix- 
ing with less digested solids. 

To assist with disrobing low spe- 
cific gravity substances of their ad- 
hering gas particles, and concomitant- 
ly to increase the rate of volatile sol- 
ids decomposition, the introduction of 
compressed gas at multiple points 
within the sludge-liquor zone is eco- 
nomically effective. 

When raw sludge is seriously de- 
ficient in one or more of the minerals 
essential to the maximum rate of bac- 
terial metabolism, the addition of 
suitable chemicals may be desirable 
to correct such a nutritive imbalance. 
Lime, however, should be used with 
discretion, as an excess might result 
in the retardation of microbial activi- 
ty. The use of aluminum sulfate or 
sodium nitrate might prove beneficial 
for a purpose of reaction (pH) con- 
trol. 


Starting a Digester 


The starting of a digester should 
be carried out with due regard to the 
safety of personnel and structures, as 
follows : 

(a) Fill the tank with fresh sew- 

age as fast as possible, to the mini- 

mum volume required to evacuate 
all air within the confined struc- 
ture. 

(b) Raise the temperature of the 

sewage (or water) to between 80°- 

85° F, using auxiliary fuel if re- 
quired. 

(c) Then, and not until then, in- 

troduce not more than about three 

percent of the occupied volume 
with preheated, fresh raw sludge 
in two or more daily increments. 

(d) Maintain continuous control 

of digester temperature by raising 

it about five degrees in the follow- 
ing thirty days. 

(e) Withdraw supernatant liquor 

continuously at a low, controlled 

rate—-about two percent of the oc- 
cupied volume per day. 

(f) Do not allow the pH to drop 

below 6.5 or 6.3. 


Digester Operation 


Maintain a close check on condi- 
tions within ali digesters at all times. 
While use of pH and alkalinity are 
usual indices, volatile acids, oxida- 
tion-reduction potential and COz2 con- 
tent of the gas produced are all more 
sensitive control methods, if means 
are available for making them. 


The portion of any tank in which 
primary digestion is to take place 
should resemble an ebullient cauldron, 
in continuous ferment. However, only 
mild ebullition is all that can be ex- 
pected through the gas produced as 
a natural result of the metabolism of 
the organisms. This, then, should be 
supplemented by more or less con- 
tinuous recirculation of the tank con- 
tents. Controlled degradation of the 
organic material by an orderly verti- 
cal progression of reduced volatile 
solids is of the utmost importance, 
particularly in the secondary or ter- 
tiary stages of the process. 

Temperature plays a very impor- 
tant role in the rate of volatile solids 
digestion; it should be maintained 
within a degree either side of 97° F. 
throughout the upper two-thirds of a 
primary unit, if the oils, fats, and 
waxes normally present are to be 
acted upon. 

With intensive controlled digestion, 
the rate of gas evolution increases 
rapidly to a maximum within three 
hours after completion of a charge of 
raw material. Forty percent of the 
final volume of gas may be produced 
in the first twenty-four hours, with 
ninety percent within six days.® 
Gas collection, measurement, stor- 
age, use and wasting should be car- 
ried out under conditions which will 
insure safety to personnel and struc- 
tures. This involves adhering to the 
principle of continuous and positive 
pressure (at least 1” water column) 
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Cities and industries of all sizes have used PFT equipment 
and for effective waste treatment 
Whether extending capacities, converting to newer methods 
or installing new systems, PFT equipment is economically 
adaptable to existing structures. Suitable to all current waste 


processes since 1893. 


Floating Covers—An integral part of “controlled” digestion, 
PFT Floating Covers provide positive scum submergence and 
safe utilization of gas. Operations are simplified because no 
fixed levels need be maintained. Covers simply rise or lower 
with additions and withdrawals. Available in different shapes 
and sizes for various tank requirements. Complete data on 
properly sized covers furnished on request. Submit the total 
digester volume required and number of digesters contemplated. 


Prefabricated Metal Roofing—This type of roofing pro- 
vides four distinct advantages over conventional wood types: 
(1) longer life, (2) more efficient insulation, (3) fewer main- 
tenance problems, (4) easier assembly and installation. Each 
prefabricated section is designed for close fitting in the field 


with a 3” lap of top metal covering at all joints. 
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treatment systems, PFT equipment ranges from the smallest 
siphon to the largest municipal installations. PFT stands 
squarely behind its products and provides expert field 
service as long as its equipment remains in use. 


Digester Heaters and Heat Exchangers—External heaters 
for digestion tanks allow complete accessibility in a compact 
unit of high thermal efficiency. Raw sludge or a mixture of raw 
and recirculated digester contents is heated as it passes through 
the unit. With external heating, the problems of heating coils 
within the tanks (caking, corrosion) are avoided. Cleaning and 
maintenance are simplified. Detailed drawings and estimated 
digester heating loads furnished on request. Submit the number 
of digesters, tank capacities and quantity of raw sludge. 


Gas Safety Equipment_A number of devices, each designed 
to perform its function in a gas utilization system with the 
greatest possible protection against explosive or burning mix- 
tures of sludge gas and air: flame traps, pressure reliefs, 
pressure reliefs combined with flame traps, flame cells, waste 
gas burners, drip taps, accumulators and manometers. 





Kraus Interchange Process_, process of aerating waste 


activated sludge, utilizing the digester supernatant liquor to 
produce highly nitrified solids that: (1) During normal loads, 
produce sludge that settles more readily to provide greater 
purification. (2) During peak loads, provide a reserve of high- 
ly nitrified active solids which balance the increased load 
of organic matter. A truly “controlled” activated sludge process. 
Kraus Distributed Air Process_4 yew method of intro- 
ducing air into aeration tanks. Combined with the Kraus Inter- 
change Process, it provides: (1) Greater Stability of activated 
sludge treatment, (2) More efficient treatment of shock loads, 
(3) More efficient use of aeration tank capacity, (4) Lowered 
power requirements for air. 


Pearth Gas Recirculation System_Apn effective method of 


increasing dispersion and digestion of scum, allowing full 
effective use of total digester volume at all times. Designed 
as an integral part of the PFT Floating Cover, the Pearth 
system breaks up the scum and releases entrained gas by re- 
circulating digester gas and discharging below the scum level. 
Complete data on the Pearth Gas system on request. Submit 
digester volume, diameter and number of digestion tanks. 


Digester Accessories—The 
PFT Supernatant Selector, Gauge, 
Sight Glass and Sampler units 
provide automatic withdrawal of 
the best digester liquor at a slow, 
continuous rate. The PFT Cover 
Position Indicator reflects the 
slightest Floating Cover move- 
ment on a large dial in the Con- 
trol Room, showing digester 
=e . liquid level at a glance. 


Rotary Distributors_Soundly engineered and ruggedly con- 
structed, PFT Distributors provide even distribution of settled 
sewage over the surface of a trickling filter. Specially designed 
spreader jets reduce clogging and are easily cleaned. For hy- 
draulic design of equipment, submit diameter of filter bed, 
total head available, maximum and minimum flows desired. 





Illustrated Bulletins—Detailed information on PFT 
equipment is available in a series of technical bulletins, fully ¢ 
illustrated with photographs and diagrams. Please specify = i « 
the equipment in which you are interested. Address all in- 
quiries to Dept. RD, Pacific Flush Tank Company. , 

Technical Studies Available—The following studies are available without PACIFIC FLUSH TANK CO. 
charge: “A Rugged Activated Sludge Process”, by L. S. Kraus; “Scum Control 4241 Ravenswood Aver 
in Sludge Digestion”, by R. E. Fuhrman; “What You Should Know About Chicago 13, | 
Sludge Digestion”, by H. E. Schlenz; “Controlled Humus Production”, by 

L. L. Langford. 
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MODERN laboratory of sewage treatment piant at Arlington County, Va. 


1 all parts of the system—at all 
times !!° For each cubic foot of sew- 
we gas consumed, about six and one 
half cubic feet of air are required for 
ombustion. Therefore, fresh air in 
lets should be of adequate capacity 

d preferably so positioned as to 
undesirable drafts through 
corridors 


minimize 
nterconnecting rooms or 
Periodic inspection and preventive 
maintenance schedules should be es 
tablished for gas utilization apparatus 
his is just good common sense! 
Together with adequate lubrication, 
painting is perhaps the most impor 
tant function to be carried out in con 
with maintenance of ma- 
hinery and Determine 
the proper types of grease and oil, 
them skillfully 

Readily available adequate records 

operation are frequently invalua- 
le when difficulties arise. In addition 
to data required by governing author 
ties, it is well to keep posted on the 
contributing population-equivalent in 
of solids, in both the raw feed 
ind final product, and the indirect 
ettect of the weather as reflected in 


nection 


Structures 


nd wse 


} 


terms 


gas production, etc 


Laboratory Tests 


The extent of records relating to 
sludge digestion will depend to some 
degree upon the amount of laboratory 
work which is done with regularity 
Such work should include daily, 
weekly and monthly determinations. 
Just what these determinations are 
to be must be dictated by the require- 
ments of governing bodies, and the 
dictates of one’s conscience and in- 
terest in 

With respect to proper operation 
of digesters, Hatfield™ suggests the 
following tests: 


research 
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1. pH—a rapid and easy test of 
sludge acidity 
Volatile acids—of great value 
where the digester is overloaded 
Solids test—total, volatile and 
ash, for determining the extent 
of digestion 
Digestion gas analysis—indicat- 
ing abnormally high carbon di- 
oxide and the heat value of the 
gas. 


Safety Equipment 


In sewage treatment plants, as in 
any industrial plant, protection 
against toxic gas vapors, dust or ox- 
ygen deficiencies, should be taken for 
granted. Unfortunately, those respon- 
sible for the design and management 
of sewage works have not generally 
been as conscientious in maintaining 
safety standards as have the authori- 
ties in industry. 

It cannot be emphasized too strong- 
ly that the chief danger at any sewage 
works lies in a lack of oxygen.’ Every 
portion of the plant must be ade- 
quately ventilated, even when doors 
and windows are closed. Minimum 
essential safety equipment should in- 
clude masks for emergency respira- 
tory protection, and one or more in- 
dicators for testing the toxicity or 
explosibility of the atmosphere. 


Conditioning 
The Final Product 


From twenty to forty days after 
the start of controlled processing of 
raw sludge, a liquid humus, dark in 
color, and having a so-called “tarry” 
odor, may be in suitable condition 
for agricultural use. The characteris- 
tics of the processed raw material at 
this point are as variable as were the 
characteristics of the raw sludge. 


Assuming that the grease content 
is not excessive, this liquid humus is 
ideal for direct application upon ara- 
ble farm land. It is readily trans- 
ported by tanks, for direct applica- 
tion to the land. When there are no 
large farm areas in the immediate 
vicinity, or when for some other rea- 
son the use of humus in liquid form 
is impractical, dewatering is normally 
the next step. This may be accom- 
plished by gravitational filtration and 
natural evaporation on sand drying 
beds, or by mechanical filtration and 
heat drying. 

For the average small sewage treat- 
ment plant, open or covered sand fil- 
ters have been effectively used. The 
ability of the filter sand to carry off 
drainage is a most important factor. 
Some sands have a tendency to pack, 
thus resisting the free flow of water. 
Sand having an effective size of 0.3 
to 0.5 mm, and a uniformity coeffi- 
cient less than 5, is commonly speci- 
fied. Sand bed drying of sludge in- 
volves draining, followed by evapora- 
tion. The rate of evaporatien depends 
upon the difference in the moisture 
content of the sludge and of the sur- 
rounding air, the velocity of the air 
over the bed, and the temperature. 
Where the climate is frequently cold 
or damp, glass-enclosed beds provide 
a means of process control by acting 
as a rain shed and by providing con- 
trol of ventilation. 

It is important to properly prepare 
the sand surface before applying the 
liquid sludge, by leveling it in such 
fashion as will aid the flow of sludge 
to the far side of the bed. In other 
words, slope the sand surface down- 
ward from the sludge inlet. Be sure 
that sand is suitably banked up 
against all removable division boards 
or gates. Whenever sand has been 
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lost to a depth of three or four inches, 
it should be replaced with sand of 
suitable quality. 

Individual beds are frequently con- 
structed too large. They can often 
be reduced in area by using suitable 
wood or concrete planking. Redesign 
with respect to relocation of truck- 
ways is commonly called for. The 
use of an inclined, portable, powered 
conveyor belt will save hundreds of 
man-hours per year. 

In his excellent paper, “Measure- 
ment of Sludge Drying Bed Per- 
formance,” MHaseltine’* suggests a 
method whereby sludge drying bed 
performance can be measured and 
compared. He indicates the relation- 
ship of temperature and the solid 
content of the material to be dried 
as important variables, when assess- 
ing the efficiency of air drying. He 
further points out that the optimum 
depth of application of sludge for any 
given plant might prove to be only 
nine inches on open beds, but twelve 
to fourteen inches on covered beds. 
The amount of grit in the digested 
sludge is also referred to as a factor 
in the operation of sludge beds. 


Vacuum Filtration of Sludge 


If the final product of digestion 
is to be dried for use as fertilizer 
base or compost ingredient, its mois- 
ture content is frequently reduced by 
means of a vacuum filter rather than 
by sand drying beds. 

A vacuum filter usually consists of 
a horizontal steel drum, supported 
over a vat in such fashion that about 
25 per cent of the drum dips into the 
metal vat as it continuously revolves. 
To circumvent the necessity of clean- 
ing or replacing the filter cloth, some 
types of filters now use coil springs 
of 0.410 inches in diameter. A vacu- 
um is maintained for a large part of 
a revolution. Dewatered sludge cake 
is scraped from the filter cloth, or 


the flexing of the springs as they 
leave the vat and pass over aligning 
rolls aids in the discharge of a sludge 
cake, the moisture content of which 
depends upon the degree to which 
it has been digested and the efficiency 
of the chemical preconditioning, prior 
to its being subjected to the action 
of the vacuum filter. 

While economy in the cost of con- 
ditioning agents can be effected by 
elutriation, or washing of sludge pri- 
or to filtration, in increase in the 
cost of filter equipment must be rec- 
organic materials. Besides providing 
ferric chloride will, of course, more 
than pay for the increased capital in- 
vestment required to afford protec- 
tion against the more corrosive ma- 
terial to be filtered which results from 
the use of this process. Elutriation 
conditions the sludge by reducing ex- 
cessive amounts of soluble ammonia 
derivatives and ammonia compounds 
which normally inhibit coagulation. 
This is accomplished by successive 
decantations with sewage effluent or 
fresh water. Countercurrent elutria- 
tion is frequently advantageously 
used. 


Summary 


As the end-product of the process 
of sludge digestion and in addition to 
its use as a fertilizer ingredient, 
sludge humus is of great value as a 
soil conditioner. 

Most authorities agree that organ- 
ic matter is essential in soil for fer- 
tility. Humus, which Sauchelli?® de- 
fines as organic material which has 
passed through the active stages of 
decay and is nearing complete decom- 
position, can be used to restore soil 
fertility, particularly when such hu- 
mus is fortified with phosphate rock 
(not super-phosphate), cottonseed 
meal, castor pomace or other suitable 
organic materials. Besides providing 
certain of the elements needed for 


R-303 


plant growth humus increases the 
water-holding and erosion-resisting 
capacity of the soil and improves its 
tilth, enabling heavy clay soils to be 
cultivated.'* In addition, as pointed 
out by Imhoff and Fair", it furnishes 
a substrate for useful soil bacteria. 

The value of sewage sludge as hu- 
mus depends upon the extent of treat- 
ment and upon local conditions. Since, 
as Waksman states, “humus forma- 
tion results from the decomposition of 
plant and animal bodies, mainly 
through the agency of micro-organ- 
isms and is synonymous with 
stabilization of plant and animal res- 
idues”'®, it can readily be seen that 
well-digested sludge in as stable con- 
dition as possbile represents a most 
useful product. 

Liquid sludge from, digesters must 
be used with care, as it may contain 
pathogenic organisms, depending on 
its age. In its wet form, sludge can- 
not be easily transported and must 
therefore be used relatively near to 
the sewage treatment plant. On the 
other hand, dewatered or air-dried 
digested sludge is practically odor- 
less, more easily handled and stored, 
and safer from a health standpoint, 
than liquid sludge. Both wet and 
dried sludge should be applied to the 
soil in accordance with the best prac- 
tice for manure, either in the form of 
compost material or as a sheat mulch, 
and plowed under as soon as practi- 
cable after distribution.!7 

Generally speaking, the sale of 
even high-grade sludge as humus can- 
not be expected to yield a profit; 
however, under the right conditions, 
it can help to offset the cost of op- 
erating the treatment works. For 
guaranteed disposal of air or heat 
dried sludge at a fee, some consider- 
ation should be given to proper pack- 
aging, in order to assure prompt dis- 
posal against such competing mate- 
rials as bulk or baled peat, humus soil, 
leaf mold or manure. Lumps in the 
sludge should be broken down with 
a disintegrator or hammermill, and 
the material piled under cover in bulk 
or packaged form, for convenient 
loading. 

It is suggested that sewage plant 
operators can accomplish much to- 
wards increasing the demand for sew- 
age sludge as fertilizer and humus, 
establish public interest in their pro- 
fession and their plants, as well as 
enhance the morale of participating 
personnel. In the words of Dr. Fir- 
man E. Bear, Chairman of the Soils 
Department of Rutgers University, 
“We should lend assistance to the 
efforts that are designed to avoid 
waste of organic materials.”!*® As 
members of the Federation, we are in 
a position of being able to pan great 
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quantities of “black gold”, to the 
benefit of the Nation—let us work 
our claim safely and efficiently ! 
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Addition to Digester Plant, Village Creek CoV —E Me i oO te Ss u t a L 


Sewage Treatment Plant, Jefferson Coun- 
ty, Alabama. General Contractor: Sulli- ; f . : 
van, Long & Hagerty. The six new digester tanks at the Village Creek Sewage 


Plant of Jefferson County, Alabama,are covered with a 
framework of Ingalls fabricated steel. The main support- 
ing beams are some of the largest made by the steel indus- 
try. Three of the huge 100-foot O.D. tanks have “‘floating”’ 
covers ... the other three covers are stationary. 


New and modern design of today’s sewage plant con- 
INGALLS’ PLANTS 


GREATLY 
EXPANDED 


Capacity has been increased nearly 

70% at Ingalls’ Plants within the schedules . . . to build permanently with fabricated struc- 
past three years... part of a pro- 

gram designed to give Ingalls the tural steel engineered for the job. 

facilities to meet every modern re- 

quirement for fabricated structural Ingalls can serve you better . . . for complete informa- 
steel for any construction purpose. 


struction calls for specialized fabrication of structural 
steel members. At Ingalls, engineers can get all the help 


needed ... to build economically ...to meet tight time 


tion regarding how and why, write: 


re | NGALLS MIXCRCCOOERTIOOC 


Etoblished 1910 BT RMINGHAM, ALABAMA 


Plants: Birmingham, Ala., Verona, Pa., North Birmingham, Ala., 
Decatur, Ala., Pascagoula, Miss. 





FABRICATED STEEL for Power Plants « Hangars « Stadia 
Stores « Bridges «+ Office Buildings + Theatres « Hotels 
Apartment Houses « Hospitals « Churches « Schools « In- 
dustrial Buildings « Tanks « Bins « Pressure Vessels « Stacks 
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In addition to their known non- 
tipping characteristics, 
Chicago-Wiggins Covers offer 
the following advantages: 


v 


0 


@ Provide maximum gas pressure and 
positive scum submergence 


Teh ITI VE N O N -Tl Ppl N G Superior structural design assures highest 


live load safety factor of any cover 


CONTRUCTION IN Lower plate stresses achieved through mod- 


ern welding and design 


Positive anti-rotation device keeps trusses 


Chi . 9 g 0-Wi g gins shuaie shia teak ential 
Digester Covers 


and 


Gas Holders! 


J 


PONTOON COVERS 
Always float on liquid—never on gas. 


~ 


~\ 


LODEK COVERS WET GAS HOLDERS 
Lowest first cost for 75 ft. to 150 ft. Self balancing with a positive seal. 


diameters. Economical in first cost and in mainte- 


nance. 


CHICAGO PUMP COMPANY 


” ” Sewage and Industrial Waste Equipment 
( "hieng 0 
always specify Subsidiary of Food Machinery 622 Diversey Parkway 


& Chemical Corporation Chicago 14, Illinois 
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=é'kiengog LOWER COST DIGESTION 


through exclusively highest 


solids loading with ‘CRP”’ 


* Catalytic 
Reduction 
Process 





Schematic Diagram of Di- 
gester Equipped for and 
Operation Under CATALY- 
ileme iis)'ieaiie), Ma. lela +35 


RESULTS IN: 

1, Smaller tanks. 

2. 1/3 to 1/7 of former digester volume for biological requirements of sludge 
digestion’ (Contrasted to actual requirements of former methods of diges- 
tion). 

Non-formation of dense floating solids, termed “scum”, eliminating former 
pro-ration of digester volumes for holding “scum”. specify 


always 


Consistently highest degree of volatile solids reduction and gas production 
—through fundamental application of a simple gas diffusion mechanism— 
with lowest tank volume and simplified piping, (as illustrated above), with- 
out increase in operation supervision requirements. 

t Exclusive of sludge storage volume that may be required by subsequent dis- 
posal methods. 


CHICAGO PUMP COMPANY 


Sewage and Industrial Waste Equipment 


Subsidiary of Food Machinery 622 Diversey Parkway 
& Chemical Corporation Chicago 74, Illinois 
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powered by 


White’s Superior Diesels 





on heavy fuel 


- 


i¢ to the Florida town name of “Marathon,” two dependable 


White Superior Model 80 Diesels are winning a real endurance 


contest at Florida Keys Electric Co-op Plant No. 2. 


} 


ase 


2. Carrying 


load in an area of tremendously increasing local demand, 


these rugged 8-cylinder 1422 HP supercharged diesels run almost 


os 
ping, 


ost of 100% 


of the time on No. 6 residual fuel. For starting and stop- 
No. 2 fuel is used. Saving is $25,518 yearly compared to 
operation on No. 2 fuel. Each 1000 KW unit is 


running almost continuously at rated output. In their first full 
year, they produced 10,638,410 gross KWH at a low fuel cost 
of 4.699 mills per KWH. 


W 
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Marathon power plant saves $25,518 yearly! 





Economical operation on low cost heavy fuel results from 
Superior’s highly developed open chamber combustion system 
plus special equipment and techniques perfected by White Diesel 
engineers. Rugged, heavy duty construction and high quality 
features enable Superiors to operate with minimum maintenance 
even where mushrooming local demand calls for peak output. 

If extreme economy under “marathon” operating conditions 
interests you, call or write the nearest office listed below. Let 
White’s engineers discuss the many outstanding features of 
Superior and Atlas engines, ranging from 100 to 2150 HP, 
for power to 1500 KW. 


WHITE DIESEL ENGINE DIVISION 
THE WHITE MOTOR COMPANY Plant and General Offices: Springfield, O. 


SALES AND SERVICE POINTS: Ketchikan, Alaska « San Francisco, Ter- 
minal Island; California ¢ Denver, Colorado « Washington, D.C. « 
Clearwater, Florida ¢ New Orleans, Lovisi e Boston, Mass. « Park 
Rapids, Minnesota ¢ Webster Groves, Missouri « Callaway, Nebraska 
© New York, N.Y. © Tulsa, Okla. Portland, Astoria, Ore. e Ft. Worth, 
Houston, Texase Seattle, Wash.e Halifax, Nova Scotiae Vancouver, 8.C. 








Dual-Fuel Engine Operating 


and Maintenance Experience 


At New York City’s Owls Head Sewage Treatment Plant and Pollution Control Project 


by NATHAN |. KASS and FORTUNATO H.A. LINO 


Chief 


c 
ou 


rpHE OWLS HEAD Sewage 

Treatment Plant and Pollution 
Control Project, with a designed ca- 
pacity of 160 M. G. D. dry weather 
sewage flow, was designed for, and 
employs the high rate activated sludge 
process. It was designed by and con- 
structed under the supervision of 
engineers of the New York City De 
partment of Public Works. Frederick 
H. Zurmuhlen, P.E., R.A., is Com- 
missioner Of Public Works, and Wil- 
liam A. O'Leary, Director of the 
Division of Sewage Disposal, Dept 
of Public Works. 

Incorporated in the design is the 
plant’s freedom from public utilities 
tor operating power ; no provisions tor 
utility stand-by had been made nor 
contemplated for the operation of the 
plant equipment, all of which is elec- 
tric motor driven. These motors range 
in size from 700 H.P. units used on 


1s 


ENGINE BATTERY—Six ‘'Superior”’, 


f the Bureau 


per 


f Sewage D Operations, N. Y. Cit 


posa 


ntendent Owls Head Sewage Treatment P 


and 


the four centrifugal air blowers and 
on two of the main sewage pumps, 
down to the 1/2 H.P. units used on 
the sludge collectors. 

To meet the full load requirements 
of the plant, the following equipment 
was to be installed: six dual-fuel 
engines, each of 1300 B.H.P., direct 
connected to 1125 KVA, 4160 V, 900 
KW (at 80% power factor) gen- 
erators, with direct connected excit- 
ers. 

In order that all the major engine 
maufacturers could compete for this 
installation, bids were accepted on 
two proposals: (1)-naturally aspir- 
ated engines and (2) supercharged 
engines. 

Dual-fuel supercharged “Superior” 
engines were selected on a basis of 
a bid by their manufacturer, then the 
National Supply Company. The 
White Diesel Engine Division of the 


Plant 


White Motor Company has since 
become the manufacturer of “Su- 
perior” Diesels. The six engines 
installed are 8 cylinder, 14-% inch 
bore x 20 inch stroke. 

The gradual assignment of the 
plant’s operating personnel started 
November 1, 1951, about four months 
before treatment of sewage actually 
began. By then, the engine -instal- 
lation had been completed and the 
units had received considerable “no 
load” running time. 

As soon as the operating personnel 
acquainted itself with the generating 
units, a series of actual load tests were 
commenced. 


Early Difficulties 


Difficulty was encountered with 
some of the alarm and protective de- 
vices. All but two of these troubles 
were quickly rectified. The exceptions 


turbocharged, 1300 bhp. 327 rpm dual-fuel 8 cylinder diesels 


drive Westinghouse |!25 KVA generators as the sole power source of the Plant. 


W.&S.W.—REFERENCE & DATA—1957 





R-310 


took considerably more time due to 
the difficulty in localizing the faults 
and the work involved in making the 
necessary relay relocation. 

[he first trouble manifested itself 
in that the engine on test developed 
the defect of shutting down with no 
indication as to the cause. 

Each of the protective devices and 
relays were bench tested and were 
found to be in good operating con- 
dition. The control wiring was check- 
ed and found to be clear. 

\fter numerous observations and 
tests, it was ascertained that the cen- 
trifugal overspeed relay on the engine 
was at fault.The manufacturer’s rep- 
resentatives agreed and arranged 
testing of the relay in their lab- 
oratories, where the device could be 
instrument tested under simulated 
field conditions. It was found that the 
original washer was causing false 
operations of the device due to its 
resilient construction. These oper- 
ations were of such short duration 
that the relay that would have in- 
dicated the operation of the over- 
speed device, could not be picked up 
sufficiently to “hold-in”. 

This situation was corrected by 
using a heavier and less resilient 
washer between flanges ; and the relay 
was returned to the Owls Head 
Plant. Five other similar washers 
were included, with instructions that 
they be used as replacements for the 





original washers in the overspeed re- 
lays of the other five engines: This 
was done. 

A re-occurrence of the defect 
mentioned took place about three 
years later. Renewing of the washers 
eliminated the trouble. 

It was found, on close inspection 
of the removed washers, that the pin 
holes in them had become only slightly 
elongated, yet this wear was enough 
to cause a “backlash” operation of the 
device. 

The other difficulty of note was the 
failure of some of the engine-mounted 
relays to hold-in while the engine was 
in operation. The construction of the 
relays, both electrically and mechani- 
cally, was such that the normal engine 
vibration would cause the contacts to 
arc and finally open, thus causing 
false engine alarms and shut-downs. 
Relocation off the engine and better 
constructed relays overcame this 
source of trouble. 


Maintenance Policy Established Early 


After several conferences, before 
the plant was placed in operation, 
a policy regarding the maintenance 
of the engines was established. 

One of the principal points agreed 
upon was that only small repairs, 
that could not possibly change any 
engine adjustments, were to be made 
by the operating force. All other 
mechanical work required for the 
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G-IIZSKVA 4160 V GENERATORS 


SCHEMATIC sketch of gas system from digesters to gas storage, to gas pres- 
sure boosters, to engines driving generators 
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proper operation and maintenance 
of the engines were to be performed 
by mechanics working out of the en- 
gine maintenance group, serving all 
plants in the Bureau of Sewage Dis- 
posal Operation. 

Some of the other items agreed 
upon, were: 

(a)—Oil centrifuging (when on 
batch process) was to be done on a 
500 running hour schedule. 

(b)—Oil filter replacements on a 
2000 hour basis. 

(c)—Valve overhaul every 4000 
hours. 

(d)—Complete engine inspection on a 
12,000 running hour schedule. 

(e)—Crankcase inspection on a 2000 
running hour basis. 

This understanding, between the 
operating staff and the engine main- 
tenance group as to their respective 
functions has returned dividends in 
reduced enforced engine shutdowns 
and in lowered maintenance costs. 

Treatment of sewage was started 
on February 19, 1952 with the engines 
operating as full diesels. By April 
15th, digester gas in sufficient quan- 
tity and of satisfactory quality was 
available, and adjustment for dual- 
fuel operation of the engines was be- 
gun. Final adjustments were com- 
pleted October, 1952. 


Fuel Oil Costs 


During the initial period, namely, 
from February 19 to April 15, 
1,394,000 KWH were generated at 
a fuel oil cost of $0.0077 per KWH. 
From April 15 to December 31, 1952 
10,988,000 KWH were generated at 
a fuel cost of $0.0018 per KWH. 

From January 1, 1953 to December 
31, 1955, a three year period with 
full dual-fuel operations, the cost of 
fuel oil used for all engine purposes 
has average only $0.0009 per KWH. 
In that period, the plant generated 
a total of 46,100,000 or approximate- 
ly 42,000 KWH per day. 

The fuel oil consumption prior to 
the dual-fuel operation of the engine: 
had reached 3,000 gallons of No.2 
diesel oil per day. Since stabilized 
dual-fuel operation of the engines was 
achieved, the daily consumption of 
fuel oil for the three year period has 
averaged approximately 380 gallons 
per day. This figure includes pilot 
fuel used during warm-up periods, 
engine testing and “run-ins”. Also 
included in the 380 gallons is fuel 
oil used when enforced full diesel 
operation of the engines was made 
necessary due to gas compressor fail- 
ures and to reduced gas supply. The 
gas compressors are used as boosters, 
in order to increase the digester gas 
header pressure from 11-% inches 
of water to 15 psi at the engine. 

The reduction in fuel oil consump- 
tion during the three year period from 





STARTING one of the "Superior" diesels is accomplished on diesel fuel. Then, 
upper push button throws engine over to automatic dual-fuel (gas & diesel fuc!) 


operation. 


January 1, 1953 to December 31, 
1955 because of dual-fuel operation 
as compared with full diesel opera- 
tion represents an annual saving of 
approximately $105,000, at fuel oil 
costs, that varied from 10.1 cents to 
10.5 cents per gallon. 

One of the requirements of the 
engine contract was that the engines 
go from dual-fuel to full diesel 
operation and still maintain parallel 
operation, this with control changes 
in fuel proportions. From the numer- 
ous gas compressor failures, with ac- 
companying sudden reduction in gas 
pressure, it was found that the quick 
manual dropping of load helped to 
keep the generators on line while the 
engines, through the governors, ad- 
justed themselves to the change in 
fuel proportions. 


Gas Production Adequate 

From April 16, 1952, when the use 
of gas began, to December 31, 1955, 
approximately 930,000,000 cubic feet 
of gas, with a B.T.U. value averag- 
ing about 650 per cubic foot, have been 
used in the engines. Gas production 
has normally averaged far in excess 
of the quantities needed to operate 
the engines and to fuel the boilers 
for space and digester heating. This 
average has been estimated in excess 
of 900,000 cubic feet per day. There 
have been times, such as following 
heavy rainstorms, when gas produc- 
tion has not fully met the demand. 

For the present dry weather flow, 
averaging 85 M.G.D., three generat- 
ing units are operated in parallel for 
the period 8 A.M. to midnight, after 
which two unit operation is prac- 


ticed. The units are normally oper- 
ated at about 80% of capacity. There 
have been times when the units on 
the line have been loaded to about 
110% of capacity for the short time 
it takes to bring in another unit. 

During rainstorms, an additonal 
unit is necessary to take care of the 
added pumping load. 

Load demands vary from 2250 
K.W. present normal dry weather 
full load, down to 1200 K.W. for the 
normal after midnight load. During 
rainstorms, the demand has peaked 
to about 3,000 K.W. 

No difficulty was experienced in 
parallel operation nor in the main- 
tenance of the 60 cycle designed fre- 
quency even when as many as five 
generating units were on the bus 
simultaneously during test runs. 


Meaning of Proper Maintenance 


Successful parallel operation of 
dual-fuel engines using minimum pi- 
lot oil is largely dependent on proper 
engine maintenance. Sloppy tappet 
clearances, incorrect fuel proportion- 
ing and incorrectly adjusted fuel noz- 
zles will lead to very heavy load ex- 
changes between generators. 

One of the problems encountered 
during substantial dual-fuel opera- 
tion has been carbonization of the 
fuel nozzles. This carbonization be- 
comes evident when the resultant 
poor ignition causes erratic firing in 
the cylinder affected. It was found 
that operating the engines as full 
diesels for about four hours, on a 
500 running hour basis, under nor- 
mal load helps overcome this condi- 
tion. 
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Since the plant went into operation 
and up to, December 31, 1955, the 
engines have been on the line for a 
combined total of over 91,000 hours. 
The enforced shutdowns during that 
period have been negligible. 

In February, 1956, the fourth 
overhaul of the valves was started. 
All that has been found needed was 
the refacing’ and lapping-in of the 
valves and seats. No replacements oi 
these parts were found necessary as 
yet. 
' In the scheduled inspection after 
12,000 hours of operation every wear 
peint in the engines was checked. 
\Vear was found to be far less than 
had been expected. 

The piston rings were renewed, in 
order to forestall possible excessive 
oil consumption before the next 
scheduled 12,000 hour inspection. 
The rings removed were found to be 
in such good condition that they are 
being carried in stock as spares. It 
was necessary to replace only four 
connecting rod bearings because. of 
babbit separation. 

Credit for the trouble-free opera- 
tion of the engines is due to the oper- 
ating and engine maintenance forces 
for their sincere efforts in the strict 
adherence to their respective mainte- 
nance schedules. 


Economy of Power from Dual-Fuel En- 
gines and Generators 

The economy of power generation 
at the Owls Head Plant, using dual- 
fuel engines, can be best illustrated 
by considering the accompanying 
cost tabulations. 

The present personnel could op- 
erate and maintain generating equip- 
ment capable of producing about 
70% more power than the present 
daily average, of 42,000 KWH. 
However, in computing the person- 
nel cost, the figure used was 42,000 
KWH. On this basis, the personnel 
cost is $0.0042 per KWH. 

The design and construction of the 
main building, part of which is used 
to house the generating units, is in 
keeping with the highly regarded 
residential section in which the plant 
is located. $1,064,900 of the total 
cost of this structure and $815,900 
of the cost of the generating units, 
with their auxiliaries and the gas 
holder, have been charged to power 
generation. 

With amortization of the structure 
on a 40 year basis and that of the 
equipment on a 25 year basis, using 
the straight line depreciation method 
at 3% interest, the amount charge- 
able to power generation for interest 
and amortization is about $88,400 
per year or about $7400 per month. 

In the design of the Owls Head 
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AUTOMATIC control cubicle (one to each engine) has signal lights for all 
anormal, and alarm signals for all abnormal conditions. 


plant it was anticipated that the ulti- 
nate average daily flow, 
which would be gradually increasing 
during the useful life of the power 
generating equipment, will approxi- 
mate twice the present flow. On this 
basis, the average monthly power 
onsumption during this period will 


sewage 


he 
12000 KWH day + (42000 x 2) ) 30 


? 


1.890.000 KWH ‘month 
$7400/1,890,000 KWH = $0.0039KWH 


Maintaining that part of structure 
housing the engines is $5,000 per an- 
mum or $417 per month: and, 
$417/1,890,000 $0.0002 KWH. 
he cost of replacement parts 
used and engine repairs performed 
by contractors, for the period from 
January 1, 1953 to December 31, 
1955 amounted to $12,650. This 
umount is chargeable to actual power 
generated 
$12.650/36 
month. 
$350/1,260,000 
K.W.H. 
During this period lubricating 
oil cost was $0.0001 per K.W.H. 
on the basis of 42 cts. per gallon. 


Mo. = $350 per 


= $0.0003 per 


Recapitulation 
Total cost of power generation per 
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K.W.H. at the Owls Head plant dur- 
ing the three years of operation re 
ported is as follows: 

Operating personnel 

Structure and equipment 

Maintenance of building 

Engine parts and repair 

Diesel oil 


Comparing Cost of Purchased Power 

Were utility power used at this 
plant, the cost to the City would be 
$0.0137 per K.W.H. This is based 


on the following prevailing utility 
rates and on an average monthly 
consumption of 1,260,000 KWH and 
a 2700 KW demand. 


Utility Rates Per Month 


$0.016 per K.W.H. for the first 
100,000 K.W.H. 

$0.009 per K.W.H. all over first 
100,000 K.W.H. 

$1.76 per K.W. demand for the 
tg 8 eee 

$1.40 per K.W. demand for all 
over first 500 K.W. 

$0.001 per K.W.H. coal charge ._ 1 


Average monthly charges: 

$17,260 /1,260,000—$0.0137 per 
K.W.H. 

The difference between the cost of 
power, if purchased, over that of 
gas generated power at this plant is 
$0.0041 per K.W.H. This difference 
represents an average saving of $6l,- 
667 annually, representing an overall 
saving of $185,000 for the three 
years, during which by-product pow- 
er has been developed with dual-fuel 
engines. This amount will increase, 
of course, with the increase of sew- 
age flow. 

It must be noted also that during 
the heating season, there is a saving 
of about $36.00 per day due to the 
utilization of heat extracted from the 
engine jacket water and from the 
exhaust water heat boilers. These 
two heat sources provide about 60% 
of the winter requirements for build- 
ing and digester heating. 

The cost data shows that the se- 
lection by the department engineers 
of dual-fuel generating units for pow- 
er production, as against purchasing 
utility power at the Owls Head plant, 
has been well justified. It is also 
apparent that in installations similar 
to Owls Head plant, where digester 
gas can be produced in sufficient 
quantities, the use of dual-fuel gen- 
erating units is both feasible and 


economical. 





PERSONNEL 
(Total cost per KWH = $0.0042) 


A 


$22.57 
$17.72 
$13.50 
$20.35 
$17.35 


Watch Engineer 
Watch Oiler 
Utility Man 
Machinist 
Machinist Helper 
Supervision, Cler 
vity's Share 

T tal per Week 


Salary rate per diem 


A 
B—Number of watches per day 


power generation 


C—Number of days worked per week 
[ 


Percent charaeable to 


C 


60% 


B * 

3 7 

3 7 100% 
3 7 

| 5 

| 5 


$284.38 
$372.12 
$141.75 
$101.75 
$ 86.75 
$986.75 
$148.00 
$113.47 


$1248.22 


50% 
100% 
100% 


a 

1S%, 
A 

10% 
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COILFILTER 


PROVED SLUDGE DEWATERING WITH PERMANENT FILTER MEDIA 


In the few years since the first working 
installation, at Liberty, New York, in 1949, the 
Komline-Sanderson Coilfilter has become 
the first choice of engineers and municipal 
officials for the efficient and economical 
dewatering of raw or digested sewage sludge. 
This pre-eminent position in the vacuum 
filter field was earned—and is maintained— 


on the basis of day-by-day performance. 


WHAT IS THE COILFILTER? 


The Coilfilter is the creation of the imag- 
ination and inventiveness of T. R. Komline 
who, with W. H. Sanderson, formed 
Komline-Sanderson in 1946 and set up shop 
in a small plant in Glen Rock, New Jersey. 
In 1950 the move was made to the present 


site in Peapack, New Jersey. 


The Coilfilter was designed to answer the 
need for an efficient filter unit: 
a. Without the old-fashioned cloth filter 


media that required a complete shut- 


b. Constructed entirely of wear and rot- 
resistant materials. 

, . Requiring a minimum of labor and 
down for cleaning or replacement at ; 
maintenance. 

. Providing a constant, uniform product. 

Making sludge beds unnecessary. 


frequent intervals. 


Permitting a more compact, more eco- 


NON CLOGGING nomical plant. 
The Coilfilter fulfills all these require- 
CO ments, and many more. It is the modern 


PERMANENT FILTER MEDIA — sludge vacuum filter designed for the 


ECONOMICAL OPERATION modern, growing community, where 
adaptability, dependability and economy 


a7 fy it are fundamental requisites. 
satay lee: linet 





rHE COULFILTER principte... 


The basic Coilfilter principle is incor- 
porated in its effective and _ exclusive 
permanent-type filter media and _ the 
performance derived from its continuous 
flexing and automatic cleaning action. This 
filter media consists of two layers of stainless 
steel, helically coiled springs 0.410” in 
diameter, placed in corduroy fashion around 
the filter drum. (See line drawing at right) 

During the cake formation and cake dry- 
ing cycles, these springs are wrapped around 
the slowly revolving drum, the lower layer 
being in grooves in the division strips of the 
drum so that the springs are taken off a 
portion of the drum and separated from each 
other by two discharge rolls in such a manner 
that the cake is lifted off the lower layer 


and is discharged from the upper layer of 
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springs by means of a tine bar. Both layers 
are then washed by means of special flat 
spray nozzles and reapplied to the drum by 


grooved aligning coils. 

As the coil springs travel over the dis- 
charge rolls they bend, or flex, first in one 
and then in a second direction, while being 
washed. This guarantees a constantly clean 
filter media as it begins the dewatering 
cycle, one of the reasons for the Coilfilter’s 


remarkable success. 


Coilfilter Elevation 





COILFILTER ECONOMY 


The self-cleaning, permanent-type filter media of the Coilfilter (described in 
detail on page 3) produces a greater volume of filter cake, with greater 
uniformity, than any other type of sludge dewatering equipment. This makes 
possible a smaller plant, at less cost. 

Since the permanent type filter media does not clog or blind, chemical 
conditioning of the sludge is far less critical than with other types of filters. 
Lower-than-optimum chemical dosages are very often permissible, resulting 
in considerable savings. 

The Coilfilter requires no stand-by filter unit, since the equipment does not 


require shut-down for cover changing or replacement. Nor is the full time of 
an operator required while the unit is filtering. Coilfilter’s low maintenance 
needs, external piping design, with rugged, stainless steel drum deck and 


springs, completes a picture of true economy. 





THE COILFILTER MAKES DRYING BEDS OBSOLETE 


The Coilfilter has had a profound effect upon the basic design of sewage 
treatment plants. There is an increasing trend toward mechanical sludge 
dewatering on Coilfilters, and away from the use of sludge drying beds. 
Beds require lots of room, are expensive to build and to maintain. The cost 
of removing sludge from beds is surprisingly high and it is difficult to get 
men to do this unpleasant job. 

When additional beds are required due to growing population, land may 
not be available. This results in overloading of digesters, which in turn affects 


operation of the entire plant. 
Coilfilter dewatering is the answer. Less plant area is required, and, most 


important, dewatering can be put on a regular schedule, independent of 


weather conditions. 

The high, uniform rate of filter cake production from both raw and digested 
sludges—the proved operating economies and compact plant permitted by 
the Coilfilter—the adaptability to meet changing conditions: These are some 
of the reasons why drying beds have been made obsolete by the Coilfilter. 
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COILFILTER replaces sludge dry- 


ing beds at Mt. Penn, Pennsylvania. 





wHy COILFILTER ceaps tne Fievp... 


As the only performance-proved sludge vac- 
uum filter with permanent-type filter media 
and as the leading modern sludge filter, by 
far, in the municipal sewage treatment field, 


the Coilfilter offers design, construction and 


operating advantages available in no other 


filter system. Some of these advantages are: 


PERMANENT, NON-CLOGGING FILTER MEDIA 


Stainless-steel, helically coiled spring filter 
media cannot clog or blind and has an 
indefinite life. Automatically washed after 
each dewatering cycle, the filter media 
results in greater production of cake, with no 


time lost in media cleaning or replacement. 


RUGGED CONSTRUCTION 


Since the Coilfilter is manufactured entirely 
of wear and rot resistant materials, it is 
immune to ordinary deterioration and will 


last indefinitely. Komline-Sanderson uses 


only the finest materials. Result—a product 
with an extremely low parts replacement 
record. All piping is straight and external to 
the drum. Should it ever require replacement 


or cleaning, the job is quick and easy. 





... PERFORMANCE-PROVED FEATURES 


CONSTANT OUTPUT 


No sludge dewatering system can match Coilfilter’s perform- 
ance-proved volume of filter cake production. Non-clogging, 
self-cleaning filter media maintain constant, uniform efficiency, 


making costly controls unnecessary. 


OPERATING AND CAPITAL COST ECONOMY 


The Coilfilter is the most economical of all sludge vacuum 
filters: 
. No standby filter necessary, reducing size of installation and 
number of units required. 
2. Lower chemical conditioning requirements—less cost. 
3. Sludge drying beds unnecessary. More compact plant. 
. Little operating labor required. No filter cloths to change. 


5. Extremely low maintenance requirements. Easy cleaning. 


Very little parts replacement. 


ae 


Three large COILFILTER UNITS leaving the plant at 
Peapack en route to installation at Louisville, Kentucky. 





Komline-Sanderson service begins at the very start of a project. After our 
representative has discussed the design conditions and requirements of a 
future plant with the Consulting Engineer, and transmits this information to 
the home office, our experienced staff goes over the conditions and makes its 
recommendations. 

The Engineer then receives a complete discussion of the bases used in 
arriving at our recommendations, together with sample specifications, typical 
layouts which may be appropriate, detailed equipment drawings and a price 
and weight analysis. Our Engineering Department is always available for 
whatever help and guidance we can offer. 

After an order is received for Coilfilter and auxiliary equipment, we 


furnish promptly detailed layout and equipment drawing as well as certified 


specification sheets. 
Komline-Sanderson always furnishes the services of a competent and 


experienced service man for a period of two weeks to supervise the initial 


operation and to prov ide proper instruction to the operators in the operation 
of the complete filter installation. Our service men also check on proper instal- 
lation. After beginning operation the Service Department is always available 


for advice or a personal cail when needed. 


We have developed and are continuing to develop 
and improve much of the auxiliary equipment used in 
Coilfilter installations. In order to assume complete 
responsibility for the proper performance of the 
complete sludge dewatering installation, it is our 
policy to furnish all necessary equipment. 1, Coilfilter 
2. Vacuum and Filtrate Equipment 3. Conditioning 
Tank 4, Wet Sludge Handling Equipment 5. 
Conditioning Chemical Feeders, Pumps and Tanks 
6. Cake Handling Equipment 

Our Engineering staff is ready to submit pre- 
liminary performance data involving the use of 
Coilfilters in your plant, upon receipt of the following 
information 1. Type of treatment plant. , 4 
Whether sludge is to be digested. 3. Design data, 
flow and suspended solids or population equivalent. 
4. Number of hours of filter operation per week 


desired. 





users approve COILFILTER 


Here is what a few users have to say about Coilfilters: 


LIBERTY, NEW YORK 


Harry Ercuenaver, Plant Superintendent: “. . . In regard to coil spring filter as compared to cloth filter, 
I would much prefer the coil spring. I used a cloth filter here for about ten years before replacing it with 
the coil spring. . . . If your chemical dosage should be a little off one doesn’t have to worry about blinding, 
as with a cloth filter. After having operated the two kinds, I much prefer the coil spring . . .” 


ST. CHARLES, ILLINOIS 


Ws. B. Crarxe, Superintendent of Public Works: “. . . And, with the Coilfilter, chemicals now required 
for sludge conditioning are less than 50% of the quantities formerly used; the chemical treatment is no 
longer critical; the coil spring filter media never clogs or blinds; manual cleaning and replacement of the 
filter media has been eliminated; and operating headaches have disappeared. . . .” 


CONSHOHOCKEN, PENNSYLVANIA 


Ciarence H. Cooper, Superintendent: “. . . This unit replaces two old style cloth type filters whose 
operation and maintenance costs were entirely unsatisfactory. We feel the Coilfilter embraces truly sound 
design and exceptional performance, a combination that reflects in a savings of chemical usage and 


. ” 
maintenance costs. 


BUCKLIN PT., RHODE ISLAND 


C. V. (Buck) Hickey, Plant Superintendent: “We have been very’ pleased with our Coilfilters from the 
beginning, due to their outstanding performance, dependability and low operating cost. In addition, the 
ease of maintenance, partly due to the accessibility of all points requiring lubrication and adjustment, 
combined with the excellent general layout of this plant, make this a truly modern installation.” 


*Package Unit 





SOME COILFILTER INSTALLATIONS . 
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Perryville, Mo 





IN THE MUNICIPAL FIELD 








Liberty, N. Y 





ever-increasing facilities 





Above: a section of our 
large and completely 
equipped machine shop. 


At right: Part of the 
Komline-Sanderson 
Engineering Department. 
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Above: Large adjustable welding jig in our machine 


shop, used in fabricating COILFILTER drums. 


Below: Outside view of machine shop. 








Below: The Komline-Sanderson plant as it is to be in 
the near future, when present construction is com- 
pleted. The three large structures are, left to right, the 
Administration Building, Warehouse, Manufacturing. 
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2” Diaphragm Pump 


Pioneer Bulk Filter 


OTHER 
KOMLINE-SANDERSON 
PRODUCTS 


24” Diaphragm Pump 
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Vacuum Filtration of Raw Sludge 


Practices and experiences at Minneapolis-St. Paul 


by KERWIN L. MICK and SCOTT E. LINSLEY 


Respectively Chief Engineer and Superintendent and Assistant Engineer of the Minneapolis-St. Paul Sanitary District 


NE OF THE MOST expensive 

operations in the treatment proc- 
ess for sewage plants located in 
densely populated metropolitan areas 
is that of sludge disposal. Of the 
plants requiring sludge dewatering, 
the vacuum filtration operation is 
costly, demands a great deal of close 
control, and therefore is worthy of 
considerable attention. 

A glance at Table 1 will give an in- 
sight into the relative magnitude and 
importance of expenditures for vac- 
uum filtration compared to other 
departments at the Minneapolis-Saint 


Paul sewage treatment works. 


Operating Problems 


In addition to economic factors, 
there are also many other operating 
problems of which system stability, 
uniformity of sludge cake moisture, 
maintenance, and heat balance are of 
primary importance. The system of 
sludge disposal employed at Minneap- 
olis-Saint Paul is a continuous 24- 
hour a day process employing incin- 
eration ; therefore, cake moisture con- 
trol assumes added importance due to 
the evaporative load besides the com- 
bustive load applied to the system. 

Control of moisture of the sludge 
cake in the vacuum filtration process 


is effected primarily by adjusting the 
following factors :"? 
1. Filter drum speed (drying time, 
cake thickness, and agitation). 
2. Washing rates (frequency, du- 
ration, and fluids applied). 
Chemicals used for sludge con- 
ditioning. 
Sludge levels in the filter basins 
and mechanical arrangement of 
piping, valves, bridges, and 
drainage structures (baffling 
for controlling run-back, blow- 
back, etc.). 
. Filter media (porosity and rate 
of blinding). 


MINNEAPOLIS—ST. PAUL Sewage Treatment Works on the Mississippi River 


1957 
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[he Minneapolis-Saint Paul Sani- 
tary District sewage treatment plant 
filters raw sludge. The 
sludge is pumped from each of six 
settling tanks once every eight hours 
to a pair of concentration tanks where 
it is held between 24 and 48 hours 
ind approximately % of its volume 
pumped back to the settling tanks as 
supernatant liquor. After concentrat- 
ing the sludge, it is fed by gravity 
to a conditioning tank and then to a 
battery of eight 11% ft diameter x 14 
ft long Oliver vacuum filters. 

For ten years prior to 1955, the 
solids in the sludge cake averaged 
31.6 per cent and a considerable ex- 
cess of heat existed in the cake over 
the requirements necessary to evapo- 
rate all of the water in the cake, effect 
complete combustion, and raise the 
temperacure of all gases generated 
high enough to eliminate offensive 


vacuum 


odors. 

The dry solids in the sludge cake 
for 1955 averaged 27.3 per cent, the 
decrease being due principally® to 
changing the filter media from a 
napped 8-oz. Canton flannel to a 
32 x 32 mesh Saran cloth screen 
woven from a 10 mil monofilament 
saran plastic yarn and“? to a drastic 
reduction in the amount or at times 
complete elimination of chemicals 
used for sludge conditioning. This 
change in solids content resulted in 
a reduction of the amount of excess 
heat available for evaporation and 
draft purposes. Even with this 
change, oil is still rarely needed as 
an aid to combustion and normally is 
only necessary when shutting down 
an incinerator or starting one up (a 
two to three day process). 
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VACCUM filter room with eight filters 


Improvements in Conditioning 


For many years, considerable at- 
tention has been devoted to the me- 
chanics of sludge conditioning, 
distribution, mixing, agitation, pro- 
portioning, hydrogen-ion concentra- 
tion, and the like, with steady 
improvement in efficiency. Notable 
changes effecting substantial im- 
provements in sludge conditioning 
were the following: 

1. The addition of a lime slurry 
riffle board or distributing board 
and screen in the conditioning 
tank. 

. The provision of low pressure 
air agitation at the bottom of 
the tank thru a series of small 
holes connected in groups to 
separate air headers. 

Internal baffling to improve 
mixing and avoid short-circuit- 
ing or segregation. 

Piping, valve, vent, and condi- 
tioning tank revisions providing 


for feeding eight vacuum filters 
from one, two, or either of two 
bucket elevators and one condi- 
tioning tank. 

The addition of equipment to 
utilize the carbide lime slurry 
waste product from Twin Cities 
acetylene generators. 

In the original design of the vac- 
uum filters, it was necessary to shut 
a filter down before it could be 
washed. Washing was accomplished 
by a set of sprays attached to a piping 
header on the backside of the filter 
drum (the side away from the dis- 
charge side). In 1955 the Sanitary 
District staff developed a new method 
of washing wherein the sprays were 
moved to the front side of the filter 
immediately under the take-off plate. 
A wash-water trough was installed 
immediately under the spray assem- 
bly and it is now possible to wash 
all filters while they are operating, 
resulting in greater efficiency both as 





TABLE | 


Account No. 


Department 


% of 
Total Cost * 





Administration 10.1 
Supervision and Engineering 10.9 


! 
2 
3 Laboratory 
4 


5.7 


& 5 Grit and Screenings Removal 
and Disposal 


9 & 10 


Sedimentation and Scum Disposal 


13 Vacuum Filtration of Sludge 
14 Sludge Cake Incineration and 
Disposal of Ash 


All Others 





*Based upon MSSD Annual! Reports. 








TABLE 2 


Some Biennial Comparative Costs of Vacuum Filtration 


Years 1954 and 1955 





Vacuum Filtration Costs, Year 1954 





lron Coagulant . 
Lime eiebitbininicedh 
100 Filter cloths incl. wire 

8 Filter cloths incl. wire 
Power and Light —..................... 
Acid to cloths, 339 carboys @ 
Maintenance ‘pigtialbath . 
*Attendance (Salaries and Wages .... 

{Miscellaneous . 


$31.89+$19.28 
$87.914+$19.28..0 


Total tons dry sewage solids filtered — 40,909 
Total cost per dry ton = $4.55 


Unit Costs Per Dry Ton 





Iron 


coagulant $0.9! 
0.44 
0.15 
0.44 
0.05 


Lime 

Filter Cloths 
Elec. Power & Light 
Acid to Cloths 
Maintenance 
Attendance 


+ Wire + (L&M) 


1.82 
0.02 


(Sal. & Wages 
(Misc. 


$4.55 


0.72... 


Vacuum Filtration Costs, Year 1955 __ 








$ 37,098.61 
17,899.94 
5,117.00 
857.52 
18,179.63 

| 884.84 
29,775.84 
74,337.28 
954.31 


$186,104.97 


lron Coagulant —... 
Lime 


Maintenance 


6 Saran cloths, incl. wire @ $90.25 + $20.32 ............ 
Power and Light ~..... 


$ 14,759.76 
| 4,034.60 
663.42 
18,107.33 





Acid to cloths, 97 carboys @ $5.23 
Acid to pipes, woodwork, etc. 131 carboys @ $5.23 ... 


*Attendance (Salaries and Wages 
ONIN od cla th cscnchnaisndinbepnimtveceianenty 


507.31 
685.13 
41,066.81** 
79,181.53 

2,261.09 


$171,266.98 








Total tons dry sewage solids filtered — 44,126 


Total cost per dry ton 


% of Total 
Iron Coaqulant 


Lime 


__Unit Costs Per Dry Ton 


= $3.87 


%o_of Total 


Filter Cloths + Wire + (L&M) 


Elec. Power & Light 
Acid to cloths 


Acid to Pipes 
Maintenance 


Attendance Sal. & Wages .................-.. 


(Misc. 


° 
100% 


*Note: Cost figures are based on MSSD Annual Financial Reports. 
**This figure includes 100% internal piping and replacement in six filters, which would normally depreciate about |/17 per year 





to equipment utilization as well as 
economy of treatment. 


Filter Media 


Several varieties of filter media 
were tested ranging through the vari- 
ous weights of napped and non- 
napped Canton flannels to poplin and 
cheesecloth, with always a return to 
the 8-oz. napped Canton flannel. In 
late 1954, Walter M. Kunsch, Supt., 
Sewage Treatment, Waterbury, 
Conn. courteously made available 
technical data on his experimentation 
and research utilizing polvethylene 
and Saran filter medias. Th ,¢ data‘?? 
indicated the probable feasit ty and 
practicability of using the new Saran 
filter media at Minneapolis-Saint 
Paul. The results, to say the least, 
were spectacular. 

Table 2 shows some comparative 
costs before and after the change to 
the new filter media. In 1954, 8-oz. 
Canton flannel was used until No- 
vember 4 when conversion was made 
to Saran. That date marked the be- 
ginning of the learning period when 
certain uld operating practices had to 
be discarded and new ones estab- 
lished. In 1955, the new filter media 
was used the entire year. 

There are several basic operating 


changes that have made these results 
possible. For example: 

1. The life of an 8-oz. Canton flan- 
nel filter cloth averaged 465 hours 
for the past five years before it was 
blinded so badly that it became use- 
less. Vacuum filter speeds ranged 
from 7 to 14 revolutions per hour 
for these cloths. The average life of 


the Saran cloths or screens used in 
1955 before discard was 5,743 hours. 
Further, this is not a very represent- 
ative figure since some of these cloths 
still had adequate porosity but failed 
mechanically. At this writing, two 
cloths have been in service in excess 
of 10,000 hours and are still being 
used. 





TABLE 3 


Vacuum Filtration Chemical Cost 
Summary—!955 


___Unit Cost Per Ton of Solids Filtered 





Dry Basis 
Iron 


1955 Coag. Lime Total 


Total For Month and Year 


Filtered Chemical Cost... 
Solids 


*Deviation 
Dry Tons 





Volatile 
Basis 


Total Actual 





$0.09 
0.0! 
0.06 
0.19 
0.16 
0.37 
0.97 
0.77 
1.14 
0.43 
0.11 
0.04 


$0.25 
0.02 
0.05 
0.19 
0.28 
0.34 
0.50 
0.59 
0.64 
0.44 
0.33 
0.20 


$0.34 
0.03 
0.11 
0.38 
0.44 
0.71 
|.47 
1.36 
1.78 
0.87 
0.44 
0.24 


January 
February 
March 
April 

May 

June 

July 
August 
September 
October 
November 
December 





TOTAL . nee atm 
Inventory & Pricing Correction 


YEARLY AV. $0.33 $032 $065. 


$0.90 


From Mean 
3,550 


$ —3,050 

3,219 —4,070 
3,590 — 3,860 
1,845 —2,130 
4.021 —3,970 
4,662 3,320 —2,710 
3,919 5,760 — 1,180 
3,868 5,280 — 420 
3,612 6,430 + 480 
3,99! 3,460 —2,100 
3,787 1,650 —2,820 
4,062 950 —4,290 
44,126 $31,070 $—30,120 
2,270 2,270 

$28,800  $—32,390 


$0.45 
0,04 
0.16 
0.55 
0.60 
1.04 
2.26 
1.95 
2.43 
1.15 
0.57 
0.31 


$ 1,210 
110 
400 
710 

1,790 








*Deviation from expected costs based upon a 5-year average % Fe and % CaO on a 


volatile solids basis for corresponding months 


(1950-1954)—See Table IV. 
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2. Another change is the drastic 
reduction in the amount of iron co- 
agulant required as well as the 
substantial reduction in the lime re- 
quirement, over $32,000 less than 
nticipated. Note Tables 3 and 4. The 
mary consideration in these two 
is the operating ability to re- 
the cake from the filter drums, 
secondarily, to control the mois- 
the point necessary for eco 
ncineration conditions 
‘or more than ten months it 
vas also possible to reduce the filter 
rate from once every hour 
two hours, thereby 
ffecting additional economies 
Che rather poor savings’ indicated 
\ugust and the higher cost for 
September is partially due to leaky 
internal vacuum filter piping on six 
f the old drums (following 17 years 
\fter replacement, 
values and 


vashing 


— 


once 


every 


operation) 
to normal 
only one vacuum pump was required 
insofar as over-all plant operation 
deleterious effects 

of re 


vacuums rose 


concerned no 
have been observed. Efficiency 
val has been maintained 
ded solids in the sludge filtrate 
raged 110 ppm for the five-year 
1949-53, and 2,000 ppm for 
owever, the total solids in 
ludge filtrate averaged 3,500 
und 4,850 ppm for the same re- 
Further, settleable 
and sent back 
sludge disposal process a 
time and if any are left, they 


mtinue to 


The sus 


} 


ive periods. 


removed 


recy cle 


Future Investigations 
\s to the future, there are several 
venues of investigation which seem 

worthy of the effort: 
filter drum speed is a 
major factor in sludge cake moisture 
ntrol, studies will be made toward 
determining the optimum economical 
1 size and operating speed ranges 
for use with other existing 


i Since 








MULTIPLE hearth Nichols incinerator 


equipment, plant space, and capacity 
available. In addition, these factors 
will be determined for a new or orig- 
inal installation as well 

b. Vacuum filter design and con- 
struction as to run-back, blow-back, 
drainage, and washing will be investi- 
gated since the units no longer func- 
tion wholly as_ originally intended 
and certain economic improvements 





TABLE 4 
Chemicals Used (Volatile Solids Basis) 


1955 
%o CaO %o Fe 


o/ 
%, Fe 


5-Year Average 1950-1954 
% CaO 


3.63 
3.49 
3.19 
3.20 
3.90 
4.65 
5.66 
5.29 
5.02 
4.60 
41/1 
3.94 


4.29 
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reducing maintenance and attendance 
as well as increasing capacity can 
probably be effected. 

c. There are at least two radically 
different vacuum filters now being 
used in the sludge vacuum filtration 
field, namely, the Komline-Sanderson 
coilspring filter and the Eimco Roto- 
Belt filter employing a woven metal 
filter media. So far, there are insuffi- 
cient technical data available as te 
sludge cake moisture content to be 
expected in a continuous 24-hour day, 
year-round operation, and the eco- 
nomic merits of the investments in- 
volved to provide a sludge cake of the 
required moisture content. These two 
types of units should also provide an 
interesting and practical avenue of 
investigation and approach to the 
sludge dewatering problem. 


References: 


(1) Note the research on this subject 
by A. J. Beck, et al, page 689, Vol. 27, 
No. 6, June 1955, Sewage and Industrial 
Wastes. 

(2) Private letters from Walter M. 
Kunsch, Superintetndent, Waterbury, 
Conn. Sewage Treatment Plant, July and 
August, 1954. 





Sludge Dryers and Incinerators 


by FRANK L. FLOOD 


Partner, Metcalf & Eddy, Cons. Enagrs., Boston, Mass. 


Multiple Hearth Incinerators 


CONSIDERABLE number of 

multiple hearth sludge incinera- 
tors have been installed in the United 
States, the larger installations being 
at Detroit, Minneapolis-St. Paul, 
Cleveland, and Columbus. Represen- 
tative smaller units include those at 
New Britain and New Haven, Conn. ; 
Wyandotte, Mich.; Ashland, Piqua, 
and Barberton, Ohio; and Elmira, 
N. Y. All of these units were manu- 
factured by the Nichols Engineering 
& Research Corp. 

The Martin multi-zone furnace, 
presently manufactured by Morse 
Boulger Destructor Co., has been in- 
stalled for sludge incineration at 
Raritan and Rutherford, N. J.; Lan- 
sing, Mich., and Wisconsin Rapids, 
Wis. At present only the Lansing 
unit is in operation and that for 
sludge drying. Similar units have 
been installed for incineration of 
screenings at Niagara Falls, N. Y.; 
and Milwaukee, Wis. 


Design Features 


The multiple hearth furnace con- 
sists of a cylindrical shell mounted on 
columns supporting hearths one above 
the other, the shell lined with a wall 
of insulation and firebrick.' A vertical 
air-cooled central shaft revolves and 
turns horizontal arms above each 
hearth. Teeth attached to these arms 
continually stoke or rabble the sludge 
so that it moves progressively down- 
ward through the, , rnace. When de- 
signed as an incix-rator, hot gases 
produced by the bt.u«.ning of volatile 
matter in the sludge, or from supple- 
mentary fuel such as oil or gas, pass 
upwards through the furnace in coun- 
ter current to the sludge. 

Special provisions are advisable if 
the multiple hearth unit is to provide 
for both incineration and drying. In 
addition to the method above de- 
scribed while operating as an incin- 
erator, provision should be made for 

1 Recent -efractory hearths have been 
cast in placé in certain locations within the 
incinerator units. There are indications 
that this type of hearth is more satisfactory 
for some hearths than those made of in- 
dividual firebrick blocks. 


burning oil or gas over the upper 
hearths and drawing the hot gases 
down through the furnace parallel 
with the travel of the sludge. 

The Nichols Multiple Hearth Unit 
at Dayton, Ohio, has been operated 
in this manner as a drier since 1939. 
Digested sludge partially dewatered 
on sludge-drying beds is further dried 
to below 8 per cent moisture for sale 
as fertilizer. Sludge gas burns on the 
upper hearths and supplies the heat 
for drying. 

At the Toronto Ashbridge’s Bay 
plant two multiple hearth units de- 
signed to either incinerate or dry 
sludge cake, and with a unit capacity 
to evaporate 12,000 Ib. of moisture 
per hour, have been contracted for. 
Provision will be made in connection 
with these units to mix a portion of 
the dried sludge removed from the 
bottom hearth with the filter cake be- 
fore the latter is admitted to the top 
hearth. 

In the following text the writer has 
summarized operating experiences 
with multiple hearth units at a num- 
ber of sewage treatment plants, based 
upon personal observations, published 
reports, and comments by the plant 
operator. The observations presented 
should not be construed as criticism 
of designers, manufacturers, or oper- 
ators. It is the intent to record diffi- 
culties which have been experienced, 
measures taken to improve conditions, 
and to record operating results so 
that others facing similar problems 
may profit thereby. 


Detroit 


The largest installation of multiple 
hearth sludge incinerators is at the 
Detroit sewage treatment plant. There 
are four units each 22 ft. 9 in. outside 
diameter with 12 hearths as initially 
installed and a rated capacity of 330 
tons of sludge cake per day. The ini- 
tial plant included preheaters de- 
signed to use the hot gases leaving 
the incinerators to preheat the air 
used for combustion. In actual opera- 
tion, the heat value of the volatiles in 
the raw sludge under normal condi- 
tions of operation have been more 


than sufficient to support combustion. 
The operation of the preheaters was 
not necessary and in fact not desira- 
ble. 

Operating difficulties with the in- 
cinera‘ors at this plant disclosed the 
necessity for a number of changes in 
methods, equipment, and appurte- 
nances in order to obtain best results. 

In the operation of the Detroit in- 
cinerators, it has been found that ex- 
cessive temperatures caused damage 
to the equipment and low tempera- 
tures caused excessive smoke in 
which case the burning of large quan- 
tities of fuel oil would be required to 
correct the situation. An important 
operating feature has been the control 
of the feed to prevent sudden changes, 
particularly in the amount of grit and 
screenings. The problem created by 
the screenings disposal was in large 
measure solved by grinding and re- 
turning them to the sewage flow. Un- 
til recently, it was not practical to dis- 
pose of all the grit removed at the 
plant by incineration. However, 
changes now being made which in- 
clude grit storage and feed by means 
of screw conveyors at a uniform rate 
from the storage hopper to the con- 
veyor belts discharging to the incin- 
erators should make it practical to in- 
cinerate all of the grit with a mini- 
mum of operational difficulty. 

The initial reciprocating plate feed- 
er on several of the individual incin- 
erator units has been replaced with 
a variable speed ribbon conveyor and 
storage bin. This change is reported 
to have resulted in the elimination 
of smoke leaks, better and more uni- 
form distribution, and less violent 
temperature changes. 

Some rabble arms are of 12 per- 
cent chromium and 12 percent nickel, 
others are of Nercaloy. The rabble 
arms of 25 percent chromium and 12 
percent nickel must be insulated in 
the combustion zone in order that 
they may have reasonable life. Re- 
placement of rabble arms has been 
greatly reduced since temperatures 
have been controlled at under 1,600 
deg. F. for most of the time. Tem- 
peratures are controlled by allowing 
cool air to enter the furnaces through 
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Drying Sludge for Fertilizer — The new 
sewage treatment plant at Lynchburg, Vir- 
ginia, is designed for a population equivalent 
of 70,000. It will have a design flow of 
11,000,000 gallons per day and will pro- 
duce primary digested sludge. A C-E Ray- 
mond Flash Drying System, complete with 
storage bin and bagging equipment, will dry 
this sludge for use as a fertilizer. The flash 
drying equipment will evaporate 2,750 
pounds of water per hour while producing 
1,225 pounds of dry solids. 

Wiley & Wilson, Engineers. 











Lynchburg, Va 








Drying and/or Incinerating Sludge with 
Refuse — The two C-E Raymond Flash Dry- 
ing Systems to be installed in Louisville's new 
refuse disposal plant provide an econonsical 
and flexible sludge disposal facility. Sludge 
filter cake will be trucked from the sewage 
treatment plant to the refuse disposal plant. 
Utilizing the refuse incinerator'’s waste heat, 
the C-E Flash Drying Units dry the entire 
sludge output. It can then be sold as fertilizer 
or used on municipal golf courses, parks and 
lawns. Unused sludge can be incinerated 
with the City's refuse. The plant serves a 
population equivalent of about 500,000. 
Metcalf & Eddy, Engineers. 











Louisville, Ky. 


THEY OSE C-E | 


Pittsburgh, Pa. 
Sewage Sludge Incineration — This sev- 


enteen million dollar plant will serve seventy 
communities in the Pittsburgh area, having a 
population equivalent of 1,500,000. It will 
include four C-E Raymond Flash Drying and 
Incineration Systems capable of hahdling 
over 300 tons of concentrated sludge per 
day. They are designed to burn 55 tons of 
dry solids while evaporating more than’ 250 
tons of water. Each unit will be equipped with 
a Deodorizing System to free all foul gases 
of objectionable odor. In addition, each unit 
will incorporate equipment for the control 
of fly ash. 

Metcalf & Eddy, Engineers. 
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Drying and/or Incinerating Sludge — 
This plant, designed to serve an equivalent 
population of 136,000 in the Warren area, 
will produce both activated and raw primary 
sludges. Three C-E Raymond Flash Drying 
Systems will dry and/or incinerate its entire 
output. Because of the heavy concentration 
of diversified industry in the Warren area, it 
is planned to use only one of the three C-E 
Raymond units to dry sludge for use as a soil 
conditioner. The remaining two units will be 
used for incineration, but can be quickly and 
easily converted to fertilizer production. 
Johnson & Anderson, Engineers. 


Warren, Mich. 





Disposal of All Municipal Wastes — This 
new plant will dispose of all municipa! refuse 
from the cities of Neenah and Menasha, Wis- 
consin. Garbage, rubbish and refuse, and 
sewage sludge will be burned in two C-E 
Traveling Grate Refuse Incinerators. Heat 
from the incinerators will be used in a C-E 
Raymond Flash Drying System to dry the 
entire output of sludge from the sewage 
treatment plant. Once dry, it can be used 
for fertilizer, if desired, or returned to either 
or both of the incinerators and burned. 
McMahon Engineering Co., Engineers. 








RAYMOND IN 1956 


The C-E Raymond Flash Drying and Incinera- 
tion System for sewage sludge disposal is the 
most versatile and flexible system available. As 
evidenced by these brief descriptions of some 
1956 contracts, the C-E Raymond Flash Drying 
System can be used to dry sludge for use as a soil 
conditioner, to incinerate it to a sterile ash, or 
both. It can be combined with existing refuse 
incinerators or installed integral with the C-E 


Neenah-Menasha, Wisc. 


Traveling Grate Refuse Incinerator to take ad- 
vantage of available waste heat resulting from 
the incineration of garbage and refuse. It can be 
equipped with its own heat source, burning 
either dry sludge or purchased fuel. 

If you are considering new sewage disposal 
facilities — alone or in combination with refuse 
disposal, see C-E. We will be happy to discuss 
your needs with you and with your consultants. 





COMBUSTION ENGINEERING e 


RAYMOND DIVISION, 1315 North Branch Street, Chicago 22, Illinois 
Eastern Office: 200 Madison Avenue, New York 16, N. Y. 
Western Office: 510 West Sixth Street, Los Angeles 14, Cal. 


ALSO FLASH DRYING AND INCINERATION SYSTEMS FOR INDUSTRIAL WASTE DISPOSAL 


W.&S.W.—REFERENCE & DATA—1957 





the hearth doors and by regulation 
of butterfly dampers in the enlarged 
section of the ducts ahead of the 
stacks 
Weightmeter « been 


vuunters have 


nstalled on the control board and also 
he filter room to permit closer ob 
rvation and control of the feed rates 
linings in the stacks 
which the vapors from the 
inerators are discharged, as initial 
constructed, were not suitable for 
encountered. Re 


steel 


temperatures 
tly corrosion, caused 
ids present in the flu gases, has 


een a serious problem at the innet 
| 


reportedly 


incinerator shells, breechings 
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d stacks 
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capacity to 
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14 tons of sludge cake pet 

(he normal working capacity 
verage monthly production is 12 
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e drying and combustion 
important feature 
this unit was the 
\ large num 
nce holes were provided on 
s to facilitate cleaning and 
of fresh ait 
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ince to minimize slagging 
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removed from 
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rom the grit chambers 
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question 


moisture evaporated, solids de 
| by incineration and 
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unit of hearth 
terms ol 


ash 


bustion per 

init of loading in 

of moisture evaporated and 
burned per square foot of net 
ve hearth area have sig 
ance for purposes of making com 
isons of performance between units 
plants. A test load on 
incinerator No. 4 resulted in 
ineration of 14.31 tons of 
sludge cake per hour. This cake con- 
tained 36.41 percent solids and 52.08 
percent volatiles dry basis. The mois 

re evaporated was about 9.1 tons per 


May 


it various 
Detroit 


the in 


hour and the solids incinerated were 
27 tons per hour. The net 
irea of this incinerator is 2,500 


ibout 
heart! 

ft. and the load during this test 
square foot of net area per hour 
7.28 |b. of 


evaporated and 2.16 lb. of solids in 


vas equivalent to water 
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Lansing, Mich._—Martin Multiple Hearth Incinerator 


cinerated, making a total of 9.44 Ib. 
of water and volatiles. Including ash, 
the rate was 10.5 lh. per sq. ft. per hr. 

The ash sluicing pumps have been 
taken out of a pit and installed at 
floor level to facilitate their servicing 
and maintenance 

\s first constructed, the Detroit 
incinerator building was poorly ven 
tilated. In the warmer months, the 
temperature in the upper operating 
gallery and under the roof was said 
to be over 130°F. and there was 
considerable odor of scorched sludge 
Subsequently, four ventilating ex 
haust 40,000 cim. ca 
pacity were installed on the roof of the 
incinerator building to exhaust smoke 
and gases and to improve conditions 
within the building 


fans each of 


Minneapolis-St. Paul 

There are three multiple hearth in- 
cinerators at this plant, each 22 ft. 
3 in. outside diameter and with eight 
hearths. Each unit as provided had 
a rated capacity of 60 tons of dry 
solids per 24 hr., based on 65 percent 
the filter cake and 60 
percent combustible matter in the dry 


moisture in 


\ fourth similar unit is under 
construction. Grit and scum are not 
burned in the incinerators. 

The design assumed that supple- 
mentary fuel would be required for 
incineration of the sludge and that 
temperatures could be controlled by 
regulation of the the fuel 
However, it was found under prac 
tically all conditions of operation an 
heat existed and no sup 
plementary fuel was required. 

Instead of an anticipated maximum 
temperature of 1,600 deg. F. actual 
temperatures exceeded 2,200 deg. F. 

The preheaters were removed from 
with resultant reduction in 
power and maintenance costs. 

It was found that if the feed rate 
was kept below 1.4 tons of com- 
bustibles per incinerator per hour ex- 
cessive temperatures were practically 
eliminated. A chart was prepared 
showing safe rate of feed of filter 
cake to an incinerator unit for various 
percentages of solids and combustibles. 
The operators have found this chart 
very useful as a guide to operation. 

The net hearth area is 2,084 sq. ft. 
per unit. The nominal capacity of each 
incinerator unit is equivalent to about 


solids 


feed of 


excess of 


service 




















Two examples of small Nichols Multiple Hearth Incinerators 
Wyandotte, Mich. (on left) and Middletown, Conn. (on right) 


5.4 lb. per hour of moisture evapo- 
rated and solids consumed per square 
foot of net hearth area. On occasion, 
the units have been reported to sat- 
isfactorily handle an overload of ap- 
proximately 33 percent. On the an- 
nual average the units operate at 
between 85 and 95 percent of the time. 

Based on present rated capacity of 
1.4 tons of combustibles per incinera- 
tor hour, the three incinerators for 
the past 2 years have averaged ap- 
proximately 72 percent of capacity. 
\t numerous times during the year 
individual furnaces may be operated 
at near capacity for several days at 
a time 

Maximum temperatures of incinera- 
tors are kept below 1,600 deg. F. by 
operation of an induced-draft fan with 
variable-speed drive. The fan follows 
a duct in which water is added as 
necessary to keep the gas temperature 
at the fan below 700 deg. F. and 
protect the fan from damage by over- 
heating. The speed of the fan is con- 
trolled from the main operation panel 
where the hearth temperatures are 
also recorded. 

Ventilation in the incinerator build- 
ing has been somewhat of a problem. 
Fixed glass blocks have been replaced 
by ventilating sash across one end of 
the building to supplement the three 
large ventilators placed in the roof. 
A wall fan has been added to cool 
a “dead” area in one corner of the 
incinerator. A similar fan is to be 
installed over the fourth incinerator 
now being built. 


Cleveland-Southerly Plant 


There are four multiple-hearth fur- 
naces at this plant, each unit 18 ft. 


9 in. outside diameter with eight 
hearths. The specified capacity per 
unit was ]00 tons of digested sludge 
filter cake at 75 percent moisture 
content per 24-hr. day. In 1940, it 
was reported that these units could 
be operated at the average rate of 
60 tons per incinerator day. In 1941, 
the capacity was reported to have 
been reduced to 50 tons per incin- 
erator day. The inability to obtain 
design capacity was said to be pri- 
marily due to rapid accumulations of 
fly ash in the preheater passages. It 
was impossible to clean these passages 
with the preheaters in operation. On 
this account, the incinerators suffered 
from lack of adequate draft and a 
reduction in capacity. 

In 1942, three of the eight pre- 
heaters were eliminated, the other five 
cleaned and repaired, the combustion 
air ducts were enlarged, a bypass pro- 
vided around the preheater units, gas 
boosters were added, and the number 
of gas burners was increased. Sub 
sequently, the preheaters have been 
used infrequently. As a result of these 
changes, the unit incinerator capacity 
was increased to 80 tons of cake per 
day in 1943. The rate of operation 
with cake containing 31.9 percent 
solids of which 38 percent were vol- 
atiles was equivalent to 3.43 Ib. of 
moisture evaporated, 0.60 Ib. of vol- 
atiles consumed, and 4.03 Ib. of mois- 
ture and volatiles per square foot net 
hearth area per hour. The average 
rate of operation in 1945 was 81.6 
tons of cake per unit, the cake 
containing 28.4 percent solids of 
which 44.3 percent were volatile. The 
unit load in pounds of moisture 
evaporated and pounds of volatiles 


consumed was substantially the same 
as for the 1943 rated capacity as given 
above. 

The multiple-hearth units at this 
plant were designed and initially op 
erated on a somewhat different prin 
ciple than those handling raw sludge 
at Detroit and Minneapolis-St. Paul 
The top four hearths were drying 
hearths and are separate from the 
lower hearths. The hot gases from 
the combustion hearth beneath the 
drying hearth did not pass up through 
the upper hearth, instead they passed 
through the preheaters and thence up 
the stack. The gases from the drying 
hearth at a temperature of 500 deg 
F. were passed through the preheat 
ers where it was intended that they 
be raised to a deodorizing tempera 
ture of 1,200 deg. F. and then cooled 
down to about 500 deg. F. before 
being discharged to the stack.’ 

The preheaters are of the steel plate 
envelope type. As originally installed 
they were not suitable for the service 
Dust and fly ash accumulated in the 


passages, greatly reducing their ca 
pacity and seriously limiting the out 
put of the incinerators. The preheater 


without 
and 


cleaned 
incinerators 


units could not be 
shutting down the 
the cleaning operations were difficult 
to perform. In the operating reports, 
it is stated that the steel envelopes 
warped even though temperatures 
were kept within permissible limits. A 
portion of the preheaters were re 
ported to have burned out during 


1941, 


*In 1942, after the incinerators were re 
vamped, the method of burning sludge was 
on the same principle as at Detroit and 
Minneapolis-St. Paul 


1957 
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Occasional operating difficulties re- 
ported include the slowdown or par- 
tial interruptions by brick falling out 
of the hearth, by clinkering of the ash, 
and by burning out of the bag filters 
on the ash line. 

In 1944 it was reported that con 
siderable trouble was experienced 
with the warping of the rabble arms 
and teeth especially on hearths 5 and 
6. The pyrocast arms which were 
used during that period were insul 
ated with Kastset using nichrome wire 
as reintorcement to prevent warping. 
One ring of the refractory was re 
moved from hearth 5. Eventually rab 
ble arms on the lower or combustion 
hearths containing 25 percent chrome 
and 12 percent nickel were found to 
be satisfactory. 

Cheoretically all the vapors and 
gases discharged from the stack have 
passed through deodorizing tempera 
lhe stack extends only 
feet above the roof line and the wind 
from the bluff above the 
drive the vapors down to 


tures a few 


currents 


plant 


ground level. Observers have reported 


decided odor of 
sludge has been detected in 


that at times a 
scorched 
the vapors from the stack. 
Ventilation in the incinerator build 
ing during the summer months has 
been reported as unsatisfactory. Dur- 
ing this period, there is a tendency 


for the operators to spend as much 


time as possible out of doors 


Columbus, Ohio 


[he multiple hearth incinerator at 
Columbus has an outside diameter of 
16 ft. 9 in. and hearths. It 
vas designed to tons 
per day of digested sludge containing 


has six 
incinerate SO 
75 percent moisture and 12 
ombustible matte it is re 

to have a capacity to burn 50 
tons per day of digested sludge filte1 
cake at 75 moisture and 50 
percent volatiles dry The net 
hearth area is 845 sq .ft. The reported 
unit capacity is equivalent to 3.70 Ib 
evaporated, 0.56 Ib. of 


» percent 
wet basis 
pe rted 
percent 


basis 


moisture 


solids consumed, and 4.26 lb. of 
moisture and volatiles per square foot 
of net hearth area per hour. For 1950 
the average feed tons 
per hour of cake containing 28.8 per- 


cent solids of which 38.4 percent were 


rate was 1.7 


volatiles. This is equivalent to 2.87 


lb. moisture evaporated, 0.43 Ib. of 
solids consumed, and 3.32 lb. of mois- 
ture and volatiles per sq. ft. of net 
hearth area per hour. 

Operating reports indicate that it 
is necessary to shut down this unit 
for 15 percent of the time in order 
to make repairs such as renewing 
rabble teeth and replacement of rabble 


air preheater of the sectional 
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Minneapolis-St. Paul Sanitary District Incinerator 


plate type was originally installed 
with 2,484 sq. ft. of heating surface. 
\ll of the equipment within the pre- 
heater was after the in 
cinerator was placed in operation and 
the unit lined with firebrick so as to 
serve as a flue. The preheater became 
so caked up that it limited the pas- 
sage of hot gases and greatly re- 
stricted the incinerator capacity. 

\s originally installed, all of the 
rabble teeth on the arms over the up- 
per hearth were directed so as to 
move the sludge toward the outer 
edge. Two rabble teeth on each arm 
have been reversed so as to hold back 
some of the sludge cake and increase 
the drying time. Observations have 
shown an unusually deep accumula- 
tion of sludge cake, well broken up 
and well mixed as a result of this 
minor change. Ordinarily the top two 
hearths in this unit are drying hearths. 
The third and fourth hearths are com- 
bustion hearths and the fifth and 
sixth are for completion of combus- 
tion and cooling off of the ash. 

Some of the heat from the exhaust 
gases is reclaimed under low-pressure 


removed 


oe 
5‘ 


steam boilers and used for heating 
the plant buildings and the sludge 
digestion tanks. 

As in a number of other plants 
employing sluicing, ash handling has 
given considerable trouble at the 
Columbus plant. Lime is used for 
sludge conditioning and has accumu- 
lated as CaCOsy in the ash hopper and 
in the ash lines to an extent requiring 
considerable work for removal. Clink- 
ers have accumulated in the ash tanks 
and have been difficult to remove. 
This experience points to the desira- 
bility of having a quick-opening gate 
between the lower hearth and the ash 
hopper so that ash can be stored on 
the lower hearth while the work of 
removing clinkers and lime encrusta- 
tions in the ash tank is carried on. 
Also clinkers find their way into the 
slurry pump, causing serious cutting 
of the impeller and rubber lining. 

Difficulties with calcification in the 
wet ash discharge lines have led at 
Columbus to serious consideration of 
discharging the ash in a dry condition. 
The operators are of the opinion that 
if wet ash from lime conditioning 
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The Beaumont “MULTI-VATOR” incorporates Beaumont 
bucket elevator equipment made from either of two types of 
metals—corrosion resistant or abrasion resistant “Beaucalloy.” 
Designed for handling bulk materials of all types including those 
which are hot, light, fluffy, fine, coarse, abrasive, sticky, or fragile, 
the “MULTI-YATOR” components include: “Dura-Tred” 
Chains; “Trac-Pull” Wheels; and “Uni-Cast” Buckets. 

At the installation illustrated, the company replaced a bucket 
elevator, which required an expenditure of $300.00 per month 
for maintenance, with a Beaumont “MULTI-VATOR.” After 14 
months of service, the cost of maintenance on the “MULTI- 
VATOR” averaged $25.00 per month. In this time, by using the 
Beaumont “MULTI-VATOR,” the company saved close to 
$4,000.00 


BEAUMONT 
“DURA-TRED" 
CHAIN 


Cross-section photo of Beaumont No. DT-102B “Dura-Tred” 
Combination Chain Link. “Dura-Tred” Chain Links are avail- 
able in both Pintle and Combination types and can be made of 
malleable iron, Beauco-CR metal, and “Beaucalloy,” a_ heat 
treated alloy steel. “Dura-Tred” Chains have 450% to 600% 
more metal in wearing tread which contacts driving wheel than 
standard chains 


EQUIPMENT FOR 
SEWERAGE TREATMENT 
PLANTS 


BEAUMONT ROTARY FEEDERS 


Beaumont Rotary 
Feeders are ideal for 
handling fine mate- 
rials. Easily replac 
able seals protect 
bearings and permit 
feeder to operate 
under high plus or 
minus pressures 


Hydraulic, Pneumatic and Mechanical 
Conveying Equipment for Handling 
Dried or incinerated Sludge 


SLUOGE INCINERATOR 
frou oust FURNACE OUTLET 
COLLECTOR 
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CENTRIFUGAL ASH PUMP 
& V-BELT DRIVE 


Other Beaumont Products: 
CHARGING GATES ASH GATES, 
AND RESIDUE CONVEYORS 
FOR MUNICIPAL & INDUSTRIAL 
REFUSE INCINERATORS. 


BIRCH COMPANY 


few RACE STREET, PHILADELPHIA 2, PA. 


DESIGNERS — MANUFACTURERS 


ERECTORS BULK MATERIAL HANDLING SYSTEMS 
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MORSE BOULGER DESTRUCTOR COMPANY 


Department WSW ° _ 80 Fifth Avenue, New York 11, N.Y. 


Representatives in Principal Cities 





PRODUCTS COMBINATION SLUDGE REFUSE INCINERATOR 


This type unit is ideal for the smaller community which must 
dispose of sewage sludge as well as municipal refuse. The 
sludge is dried on the upper hearth and then rabbled (sta- 
tionary arms and revolving hearth) into the lower chamber 
where it is incinerated with the refuse. Very compact plant 
Sizes range from a few pounds per hour to hundreds of and economical in both first and operating costs. 


tons per day. 9 CHARGING ROOR 
Ey SSS 


Incinerators of All Types including Mechanically Stoked 
Furnaces, Combination Sludge Refiner Furnaces, Mul- 
tiple Hearth and Rotary Hearth Furnaces; Special De- 
signs. 





* 








ENGINEERING EXPERIENCE 


We have been designing and constructing incinera- 
tors for municipal, industrial, institutional and apart- 
ment purposes for more than sixty-five years. We 
work closely with consulting engineers and architects 
to bé sure the best type of incinerator is selected for 
each specific requirement and to assure a plant ap- 
pearance and operation that will not be offensive to 
the community. 








MECHANICALLY STOKED UNITS 


Featured by: high burning rates because of the well- 
vented stationary cone and revolving stoking arms; no 
dead space corners; charge dropping on cone assumes 
similar shape, well aerated for combustion; continuous 
mechanical stoking; single charging and single ash re- 
moval opening; entire unit accessible from outside; can 
be combined readily with rectangular combustion and 
expansion chambers, providing maximum operating 
flexibility. 








We suggest that you discuss your disposal problems with MORSE BOULGER MULTIPLE HEARTH FURNACE 


our engineers as they may involve complex factors where Designed to dehydrate or incinerate sewage sludges and 
our broad experience would be helpful. many kinds of industrial wastes. Material is rabbled inward 
' and outward as it passes downward from hearth to hearth. 

7 Provides maximum pre-drying and incinerating capacity, dis- 
— a charging dry ash from wet sludge feed. 
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sludge must be pumped, ample provi- 
sion should be provided for removal 
of encrustation and the pipeline should 
be readily accessible for cleaning op- 
erations. 

The incinerator chimney at Colum- 
bus includes a lined steel stack man 
ufactured by Prat-Daniel and designed 
for a head induced by a cold air fan 
which acts as an injector. Cold air is 
forced into the stack near the re- 
stricted section so as to create a draft 
of up to 2 in. in the gases from the 
incinerator and boilers. The cold air, 
induced-draft fan has a variable speed 
drive and the draft can be governed 
within desirable limits. This arrange 
ment hot air induced 
draft fan and provides an excellent 
means for regulation of incinerator 
operation. 


Ashland, Ohio 


The results of incineration of liquid 
sludge at Ashland, Ohio in a mul- 
tiple-hearth unit have been reported 
by Laboon.* This unit is 9 ft. 3 in. 
outside diameter. As initially built it 
had four hearths. It was found advis 
able to add two hearths in order to 
incinerate concentrated liquid sludge 
in this unit. 


eliminates a 


The results of 6 days of tests made 
during September and November, 
1947 have been given by Laboon. The 
unit was operated 140.33 hours, evap- 
orated 146.499 lb. of moisture, con- 
sumed 18,473 lb. of volatiles, and 
passed 6,130 Ib. of ash during the 
period. The unit rate of operation was 


*lohn F. Laboon, 
1949, p. 64 


Sewage Works Engi 


neering 


The following article deals only 
with the product of one manufacturer 
although the preceding article covered 
for the most part only the multiple 
hearth sludge drying and incinerating 
equipment as manufactured by Nich 
ols Engineering & Research Corp. As 
heretofore in these articles it is the 
intent to record operating experiences 
and measures taken to improve the 
equipment and its maintenance so that 
others facing similar problems may 
profit thereby. 


History 


The C-E Raymond system of flash 
drying and/or incineration was first 
undertaken a large scale at the 
West Side Plant of the Chicago San 
itary District in 1935. Subsequently, 
numerous installations have 
made including other plants at Chi- 


Neenah-Menasha, Wis. 


on 


been 


cago and at 


about 5.39 lb. of moisture evaporated 
and 0.68 Ib. volatiles consumed per 
square foot net hearth area per hour. 
Summary 

On the basis of operating expe 
rience some of the features of design, 
construction, and operation of mul 
tiple-hearth furnaces to be used for 
driving and incinerating sewage 
sludge requiring particular care fol- 
low: 

1. There should be ample capacity 
to discharge the products of drying 
and combustion. The drop holes 
should be of such size as to pass the 
hot gases upward and the sludge 
downward without clogging and un 
due loss of head. 

2. Preheaters are not necessary for 
economical incineration of raw sludge 
cake. 

3. Preheaters if provided should be 
a type which can be cleaned with fa- 
cility. An ample bypass should be pro 
vided for each preheater unit so that 
it may be cleaned while the incinera- 
tor unit remains in operation. Pre 
heaters of the closely spaced plate 
type are not satisfactory for this type 
of service. 

4. Adequate means should be pro 
vided to permit an even rate of feed 
to the incinerator unit, particularly of 
moisture and combustibles. The rate 
of feeding relatively low volatile grit 
and relatively high volatile scum 
should be subject to fairly close con 
trol. 


5. The rabble arms and teeth in the 
combustion hearths should be of heat 


resisting alloys. The central shaft at 


Flash Drying and Incineration 


(1937); Buffalo, N. Y. (1938); 
Springtield, Mass. (1940) ; Cuyahoga 
Falls, Ohio (1940); Duluth, Minn 
(1941); Manitowoc, Wis. (1941); 
San Calif. (1943); Battle 
Creek, Mich. (1944); Sheboygan, 
Wis. (1946): Houston, Texas (19- 
50); and Los Angeles, Calif. (1950). 
Large installations not yet under op- 
eration include those at Baltimore, 
Md.; San Francisco, Calif.; Water 
bury, Conn.; Schenectady, N. Y.; 
Bethlehem, Penn.; and Washington, 
D.C 

In the C-E Raymond system, filter 
cake is mechanically mixed with a 
portion of dry material in a mixer of 
the pugmull type, and then violently 


Diego, 


agitated in the presence of hot gases 
ina cage mill. The mixture discharges 
into a The slud 
at about 10 percent moisture separates 
in the cyclone from the hot vapors 


cvelone collector 


oe 
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combustion hearths should be suitably 
insulated. A liberal allowance should 
be made as to the extent to which 
combustion may proceed above and 
below the theoretical average combus- 
tion zone 

6. Consideration should be given 
to the protection of the incinerator 
stack against high temperature gases 
under certain conditions and against 
the corrosive action of acid and mois- 
ture under certain other conditions. 

7. The ash system should be de 
signed for ready A. shutoff 
gate is desirable between the lower 
hearth and the ash system so that the 
latter may be worked on while the in 
cinerator unit remains in operation 
\sh slurry discharge lines should be 
designed so that stoppages may be 
cleaned or encrustations removed. 
Duplicate ash discharge lines may be 
required in order to make shut down 
unnecessary. 


access. 


8. Adequate ventilation should be 
provided in sludge drying and incin- 
erator buildings so that working con 


ditions are not too uncomfortable. 
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and gases. A portion of the dry mate 
rial is returned to the and 
the remainder may be drawn off and 
disposed of in the dry form or burned 
in the furnace which supplies the hot 


pre CESS 


gases for the cage mill. 

This type of unit is also used for 
fertilizer production or for incinera 
tion in connection with standard gar- 
bage and refuse incinerators. The 
units at Watervlict, N. Y.; and Stam 
ford, Conn., are of this type. 


Buffalo 

\t Buffalo, N. Y.. there are three 
flash drying units each designed to 
evaporate 5,833 lb. of moisture per 
hour with associated furnaces for in 
cineration of the dried sludge. Soon 
after these units were started in op 
eration, it was found that the sewage 
sludge contained a susbtantial propor- 
tion of sand which proved to be very 
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Rugged 


Dependable 


Economical 


Sludge is not the only material posing 
a disposal problem at a sewage treat- 
ment plant. Grits, grease and screen- 
ings may, and frequently do, create a 


problem far more serious and difficult. 


. 
All sewage solids can be easily 





disposed of in a Nichols Herreshoff 





furnace, simultaneously, singly, 
safely, swiftly, surely and simply. 


Clean? Absolutely! Odors? Never! 
Not from a modern Nichols Herreshoff 





furnace. 


The secret of sewage treatment 








plants being “‘good neighbors” is good 
housekeeping and odorless disposal 
of the sludge, grit, screenings and 
grease in Nichols Herreshoff multiple 
hearth furnaces. 


Schematic drawing illustrating the utter simplicity 
of destroying all sewage organics in a Nichols 
Herreshoff furnace. 


Compare them all— 
You'll choose 


NICHOLS HERRESHOFF 
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abrasive. Points of wear included 
mixers, the cage mills, the separating 
cyclones and in the fuel pipeline which 
transported the dried sludge from the 
flash drying system to the burners. 
Operating experiences have been de- 
scribed in the annual reports and by 
Velzy, Johnson and Symons.t 

Drying towers were provided where 
hot gases from the furnaces are mixed 
with sludge before passing to the cage 
mill. These were lined initially with 
stainless steel plates which became 
distorted after a period of operation. 
Replacement of the buckled liners 
with a ceramic material poured in a 
wooden form proved to be a satisfac- 
tory solution to this problem. 

The dry sludge cyclones were orig- 
inally equipped with mild steel re- 
placeable liners. It developed at Buf- 
falo and elsewhere that this method 
of lining was uneconomical. The man- 
ufacturers made an intensive study 
of the problem and arrived at the con- 
clusion that a gunite lining, consisting 
of trap rock and lumnite cement, was 
a satisfactory and economical protec- 
tion for the interior of the sludge 
cyclones. Several of the cyclones at 
Buffalo have been lined with a ce- 
ramic known as “packing house floor 
tile,” or with quarry tile. 

The solution for the wear on the 
orks September 


tSewage W Journal, 


1940. 


paddles in the mixers appears to be 
a paddle with easily replaceable abra- 
sion resisting tip. 

Changes made to one cage mill at 
Buffalo illustrates current standard 
practice. In order to provide for more 
economical maintenance, the housing 
was built to allow for rapid disman- 
tling and provision made to pull the 
agitator mill out on rails for inspec- 
tion or adjustment. The need for this 
was demonstrated as the rods on the 
rotor and stator were subjected to 
severe abrasion. As first rebuilt, the 
rods in the cage mill were protected 
with high manganese steel but these 
were expensive and wore out rapidly. 
A second development using a double, 
extra heavy, 1'%4-in. steel pipe sleeve 
over a 34-in. gave more economical 
results. With further experience, it is 
indicated that the most economical 
design is to supply 0.40 carbon steel 
bars and to build them up with stellite 
or other hard facing material as wear 
occurs. 

The fuel pipelines initially installed 
at Buffalo have been removed and 
have not been used subsequently at 
other plants. The standard type of 
sludge feeder now consists of a duct 
from the drying cyclone to a screw 
conveyor which feeds the sludge 
burner. 

The induced draft fans as originally 
installed were on the dirty air side of 














Houston, Texas—Two units for activated sludge 
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the ash cyclone. The fans wore rap- 
idly and repairs and replacements 
were difficult to make. When these 
fans were moved to the clean air side 
of the ash cyclones, the wear due 
to abrasion by sand in the ash was 
largely eliminated. 

The initial installation of pneumatic 
equipment for ash removal included 
a cyclone bag filter and vacuum pump. 
With the temperature of the ash at 
1,100-1,113 deg. F., the bags in the 
filter burned out and the vacuum 
pump became plugged with ash, a 
problem solved by installing a second 
cyclone in place of the bag filter and 
a steam ejector in place of the vacuum 
pump. 


Springfield, Mass. 


The unit at Springfield has a rated 
capacity of 10.5 tons per day dry 
weight of digested sludge solids per 
24 hr. when drying sludge cake con- 
taining 67.5 per cent moisture with 
50 per cent volatile dry basis. During 
the 10 years 1941-1950, inclusive, the 
unit was operated on the average of 
1,411 hr. per year or approximately 
5.6 hr. per work day for a 5-day week, 
while handling the total sludge pro- 
duction. The average moisture evap- 
orated was approximately 750 Ib. per 
hour of operation. The auxiliary fuel 
in the form of sludge gas used for 
burning the sludge amounted to about 
650 cu. ft. per 1,000 Ib. of moisture 
evaporated. This is reported for con- 
ditions in which there is an abun- 
dance of sludge gas at the plant and 
where it is not necessary to take par- 
ticular care in the conservation of fuel 
at the incinerator. + 

During the years 1943 and 1944, 
the sludge was dried for fertilizer but 
in other years the market was not 
favorable enough to warrant drying 
operations and expense. 

As in the case with Buffalo, the 
drying cyclones were initially lined 
with steel plates. They have subse- 
quently been relined with a mortar 
of lumnite cement and trap rock. The 
life of the paddles in the sludge mix- 
ers has been extended by adding a 
facing of abrasion resisting materials 
by means of electric welding. 

John P. McDonald, sewage treat- 
ment plant engineer, at Springfield, 
reports complete satisfaction with the 
installation after 10 years of opera- 
tion. He states one of the advantages 
of this type of equipment is the facility 
with wiiich it can be started up with- 
out undue delay in preheating or 
without burning fuel during nightly 
or weekend shut-downs. The practice 
of burning during the day shift only 
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and with no heating during the stand 
by period has not resulted in evident 


damage to the furnaces 


San Diego, Calif. 
The first C-F 
San Diego plant was place 
1943. This unit 
I ited ( pacity to evaporate 3,500 lb 


Raymond unit at the 
| in opera 
tion during has a 
water per hour. Enlargements to 
the plant which were commenced in 
1948 included an additional flash 
dryer with a capacity of 5,000 lb. ot 
water evaporated per hour 

The experiences in operation at this 
plant due to wear from quantities ol 
sand in the sludge removed have been 
somewhat similar to those at Bufttalo 

One of the problems that has been 
the San Diego plant has 
explosions 


pecuhar to 
been the 
which 


cordance 


prevention ol 
would occur from time to time 
the shutdown period. In ac 

with the manufacturers’ rec 
ommendations, facilities have been 
provided to permit flooding the sys 
tem with steam during shutting down 
procedure or at times of power fail 


re Lhe 


forded by the 


same protection can be at 
injection of water 
nozzles. The 
turers have commented that this sys 


tem, in common with all flash drying 


manutac 


through fog 


systems, is equipped with a relief vent 
f the They state that 
this relief vent will safely relieve ex 
plosions of any kind and without any 
staff. This 
fact that 
12 years’ experience with 


on top cyclone 


langer to the 


y operating 
latter is evidenced by the 
ver 10 to 
operation of these plants there is no 
reported case of damage to the equip 
ment or injury to an operator Irom 
However, it is reported 
demoralizing 


such source 
that thes 
to operating personnel and the man 
ufacturers state that 
n of steam or water is a simple 


“puffs” are 
provisions for 


convenient way of rapidly cool 
ing down the system without damage 
equipment or 


convenience \t 


furnace and is a 
very cle sirable San 
the injection is made at the en 


to the drver cyclone and cage 


new installation includes a re 

wrced concrete brick-lined exhaust 

nd 150-ft. stack for removal 

gases. There 

eral fires in the tunnel and lower part 
of the stack. It appears that the oper 
ition of water sprays throughout the 
length of the tunnel and at the bot 
the stack has eliminated this 
It is reported that the trou 


have been se\ 


tom ol 
difficulty 
[ 


the tunnel was due to build-up 


grease from to 34 in. 1m thick 


Chis 


; ; 
sludge is an ever increasing problem 


matter of grease in the 


ness 


in the operation of sludge handling 
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Stamford, Conn.—Fiash drying system in connection with 
garbage and refuse incineration 


and disposal units since the end of 
World War II. It is generally be- 
lieved to be the result of the increas- 
ingly wide detergents. The 
manufacturers report that this trou- 
ble is not confined to any one plant 
or one location but that it is rather 
general. A grease content in*the dry 
sludge up to approximately 8 percent 
will give no trouble. However, when 
this percentage is substantially ex- 
ceeded, the very low temperature vol- 
atile fractions of the grease are dis- 
tilled off and will condense on any 
surface. If not continuously re- 
moved, it may be ignited at some time 
during the period of the shutdown of 
the system. To preclude such the safe 
thing to do is to clean this part of 
the equipment either continuously by 
the use of water sprays or periodi- 
cally by scraping. 

\ further reference to this problem 
of grease accumulation is given in the 


use ol 


Con )] 


discussion of the operation of the Los 
\ngeles plant. 

Eric V. Quartly, superintendent of 
the San Diego sewage treatment plant, 
reports that 
problems have been experienced with 


while many operating 
the flash dryers during past years, he 
does not wish to convey the impres- 
sion they are unsatisfactory for the 
purposes intended. On the contrary, 
he states these units are giving excel- 
lent service at the present time. 


Los Angeles 


The flash drying and incinerating 
equipment at the Los Angeles Hy 
perion plant includes four units each 
having a capacity to evaporate 22,500 
lb. of moisture per hour from sludge 
cake containing 25 percent solids. 
ach unit was specified to be capable 
of incinerating all or any portion of 
the material dried by it. 

The equipment was first placed in 
operation during August, 1950. In a 
recent operational test conducted by 
the City, the average evaporation was 
22,280 Ib. of water per hour while 
producing fertilizer at the rate of 
8,670 Ib. per hour with an average 
filter cake load of 31,700 Ib. per hour. 
The dryer inlet temperature was 1,112 
deg. F. as compared with a design 
temperature of 1,300 deg. F. It is 
possible that if the design temperature 
was maintained at the dryer inlet, the 
evaporative capacity would be well in 
excess of the guaranteed figure. 

During the month of May, 1951, 
the dryers reduced all of the filter 
cake produced at the plant to fertilizer 
amounting to 4,000,000 Ib. for the 
month (moisture content 7 percent). 
Since the dryers were operated for 
only 23 percent of the time, there was 
no need to operate them at their rated 
capacity. The average moisture evap- 
orated was 14,550 lb. per dryer. The 
dryer units at this plant have indi- 


























Cuyahoga Falls, Ohio—Small flash drying and incineration unit for 


cated that they can take care of all 
of the sludge produced on a design 
basis and with one spare unit. 

As at the San Diego plant, there 
is some evidence of accumulation of 
grease which have oc- 
curred when the digested sludge con- 
tained a reported average of 15 per- 
cent grease. Recently, the tempera- 
tures within the digestion tanks have 
been raised from an average below 
90 deg. to about 95 deg. At the higher 
temperature, it appears that the 
grease content in the digested sludge 


appears to 


will average approximately 5 percent. 
It is hoped that this will eliminate in 
large measure the grease problem on 
the walls of the flash drying equip 
ment. 


Summary 


GENERAL. Equipment handling 
sewage sludge should be so designed 
as to wear from the abrasive 
particles contained therein. Parts sub- 
ject to wear should be readily replace- 
able or provision made to build up 
the worn parts with abrasive resisting 
material 

PRENEATERS. Adequate provision 
should be made for cleaning, main- 
tenance, and repair of preheaters in 
connection with flash drying furnaces. 


resist 








Mixers. The mixers designed for 
mixing dried sewage with wet sludge 
cake should have abrasive and corro- 
sion-resisting liner plates. The pad- 
dles should be of meehanite or other 
steel alloy capable of Tesistance to 
wear at high temperatures. Shafts and 
paddles should be readily replaceable 
and it is desirable to supply the pad- 
dles with easily replaceable abrasive 
resisting tips. 

Cace Mirus. The inlent end of 
the cage mill should be lined with a 
corrosion-resisting alloy. The cage 
mill should be of quick-opening design 
in which the rotor and pedestal may 
be rolled back on a track thus facili- 
tating the replacement of liner plates 
and the replacement of cage bars. 

INDUCED Drartr Fans. These fans 
should be installed on the clean air 
side of the ash cyclones where prac- 
tical. 

Ducts. The ducts and pipes carry- 
ing sludge in suspension should be 
fabricated in easily removable sec 
tions. The bends should be provided 
with removable wear backs lined with 
abrasive resisting material such as 
chrome ore. 

PurRGING System. A suitable sys 
tem of water or steam purging for 


handling raw sludge 


prevention of explosions in the system 
should be provided. 

CycLONE SEPARATORS. A lining is 
required which will resist abrasion. A 
2-in. gunite mixture of lumnite ce- 
ment and trap rock appears to be suit- 
able for this purpose. 

STACKS. It appears desirable to line 
chimneys taking the discharge from 
the flash dryers and incinerator with 
firebrick for at least the lower ™% of 
their height. Consideration should be 
given to the fact that occasional high 
temperatures may occur in the opera- 
tion of incineration equipment. 

Fry Asn ReMmovac. Fly ash may 
create a serious problem in the gas 
discharged from the fly-ash drying 
systems unless appropriate means are 
provided for its removal. It has be- 
come increasingly necessary in the 
case of new installations to comply 
with stringent fire, smoke and air 
pollution ordinances. Enlarged ducts, 
settling chambers or inertia separators 
seldom would prove to be satisfactory. 

Mechanical dust removal equipment 
such as the Multiclone type as man- 
Western 


Corp. or the fly ash collectors using 


ufactured by Precipitation 


the Van Torgeren system as man- 
gitactured by Buell Engineering Co., 


or the Thermix Controlled Multi- 
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Springfield, Mass.—Drying and incineration units for digested sludge 


Clone type as manufactured by the 
Prat-Daniel Corp. usually afford sat- 
sfactory results for this service. 
However, in some cases, a higher 
legree of treatment must be provided 
for the removal of fly ash, such as 
electrostatic precipitation. 

his latter type of equipment must 
be carefully de signed to permut access 
for cleaning. If continuously high ef- 
ficient removal of fly ash particles and 
smoke is required, sufficient units for 
fly ash removal must be provided so 
that one unit may be taken out for 
repair and maintenance 
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Sheboygan, Wis.—Fiash drying system for producing digested sludge fertilizer 
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How A Sewer Contractor Cuts Handwork 


Fy: INGENIOUS Utah pipeline 
and sewer contractor, with a firm 
conviction about the type of mount- 
ing his excavating equipment should 
have, has practically eliminated ex- 
pensive hand labor from extensive 
sewer construction activities under 
his supervision. Eldon Kloepfer, 
of the Logan, Utah, construction 
company bearing his name, is the 
man with the idea. How well it paid 
off can best be told by the follow- 
ing incident. 

On a recent job, a lateral sanitary 
sewer line had to be cut through a 
point where a sidewalk, four high- 
pressure water lines, a gas main and 


"“HYDROHOE" starting one of the lateral 


by RAY DAY 


T | c ~ 
Technical and Scientifi: 


Writer 


two telephone cables intersected the 
ditch, all within 25 feet. Kloepfer’s 
machine handled the assignment in 
less than one-half hour, without a 
single shovelful of hand excavation 
being turned. 

Kloepfer got his idea when he saw 
a Bucyrus-Erie “Hydrohoe” demon- 
strated near Salt Lake City, and 
noted the unusual measure of con- 
trol and flexibility possessed by the 
machine. Here was exactly what he 
needed for much of the tedious, time- 
consuming, expensive hand-labor 
work in many of his operations— 
particularly lateral construction. 

Kloepfer turned his mind to the 


problem of how to mount the ma- 
chine so it would get into many of 
the places where this type of work 
is being done. One of the most 
troublesome problems in the north 
ern Utah area is the presence of 
marshy, quaking bogs where the 
groundwater table is high. These 
places can quickly mire a machine 
on conventional truck mounting. 
Why not pick the Hydrohoe up off 
its truck mounting and set it down 
on the rear bed of a war-surplus 
halftrack? The more Kloepfer 
thought of the idea, the more it ap- 
pealed to him. 


With the Hydrohoe 


purchased, 


excavations—the only machine that could tunnel under the sidewalks 
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BUCKET of the “Hydrohoe” starting under a sidewalk. Working from 
first one side and then the other, the trench is quickly tunnelled through 


action 
Che mounting war- 
surplus White half-track, which was 
picked up in excellent condition. A 
heavy steel bedplate was laid over the 
rear end of this and the 
Hydrohoe, with its Ford engine and 
hydraulic pump equipment, was cent 


put his plant into 
consisted of a 


kK loc pier 


machine, 


ered over the bed The work was 
done in Kloepfer’s shop by mechan- 
ics who ingeniously contrived a 10 


bolt mounting. Should Kloepfer ever 
want to take the 
halftrack, he can replace it on its 


machine off the 


onventional truck mounting by 
oosening the ten bolts, lifting the 
nachine over to the new mounting, 


ind fastening it down again 


Idea Works Nicely 


Kloepfer’s idea has worked beau 
ifully. He that a labor 
force equal to at least 5 or 10 men 
has been eliminated from typical san 
contracts 


estimates 


tary construction 
The halftrack-mounted Hydrohoe 
as proved especially suitable for 
digging lateral ditches in those hard 


both 


sewer 


to-get-at places lf sides of a 


lewalk are accessible to the % 
ard digging bucket on the machine, 
t can dig a trench quickly and easily 
inder the concrete walkway, leaving 
enough dirt bridged to support the 


tructure safely. Accompanying pt 
tures show such an operation getting 


indet Way 


[he controls on the Hydrohoe are 
sensitive, and a good 
like Ralph Blotter, who 
runs the rig, can feel a pipline the 
the teeth contact. 


ext eptionally 
ype rator 


minute come in 


\ccidental breakage of water or gas 
lines has been negligible in relation 
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to the amount of work perfomed by 
the machine. And yet, according to 
Kloepfer, the machine has a very de- 


sirable power reserve which comes 
in handy whenever tough clays, 
gravel and other hard-to-dig forma- 


tions are found. 

It was recently necessary, for ex- 
ample, to dig through an old aban- 
doned 3-in. line which was 
still in fair condition despite its long 


Since there 


steel 
abandonment was no 
acetvlene cutting torch on the rig 
at the time, the operator simply 
hooked into the pipe with his bucket 


and put the hydraulic retracting 
mechanism to work. The pipe was 
pulled out quickly and easily. 

The unconventional halftrack 


absolutely whipped 
the marsh problem. During the win- 
ter months, when conditions under- 
foot are muddy and bad, Kloepfer’s 
men have been able to take the ma- 
chine into places impossible to reach 
with trucks. The Hydrohoe is suf- 
ficiently light so that the halftrack 
mounting floats its weight over the 
surface of the ground without mir- 
ing, or even without excessive pene- 


mounting has 


tration into the soft footing. The 
machine has the ability to get into 
a job and get out fast. 

On lateral work it is not uncom- 


mon for the machine to start from a 
property line, dig a trench under a 
sidewalk and curb, and out beyond 
all intercepting utilities lines to a 
sewer connection near the center of 
the street in about 30 minutes. The 
Hydrohoe with its operator and two 
men have installed up to 20 complete 
laterals in a shift’s time. The only 
expense for this operation, aside from 








the labor and depreciation on equip- 
ment, is from 7 to 15 gallons of gaso- 
line which the machine will use in a 
9-hour shift. 

The telescoping boom and other 
control features on the Hydrohoe, 
coupled with the unique mounting 
which lets the machine get in where 
the work is, has given Kloepfer a 
head start in bidding this type of 
work. 


Other Equipment Used 

Over the years Kloepfer has built 
up an impressive lineup of sewer and 
pipeline construction equipment. For 
heavier excavation on mainline 
trenches, where hard digging is a 
problem, Kloepfer has two Bucyrus- 
Erie 22-B dragshovels. For lighter 
excavation, he uses an Austin-West- 
ern Badger, along with the halftrack- 
mounted Hydrohoe. For backfill 
work, there is an International TD-9 
and TD-18A tractor and a Caterpiller 
D7 bulldozer. An Austin-Western 
motor grader, on which a dozer blade 
is mounted, is used for backfill, as 
well as for road reconstruction work 
over certain areas through which 
pipeline work has passed. Kloepfer 
also has water wagon equipment, 
dump trucks, and pickups. 


Importance of Two-Way Radio 


The entire outfit has been com- 
pletely equipped with Motorola two- 
way radio communication. This has 
helped greatly to boost general effici- 
ency by keeping key men and crews 
in touch with each other. 

Kloepfer Construction Co. is cur- 
rently busy on a 25-mile sanitary 
sewer job which is being done in Salt 
Lake County for Sanitary Sewer Dis- 
trict No. 1. The job includes vitrified 
clay, concrete and Transite pipe, from 
4 to 12 inches in diameter. Average 
trench depths are 10 feet, with an 18- 
foot excavation maximum. Forma- 
tions through this job have consisted 
principally of boggy, wet sand and 
hard, blue clays. 

According to Eldon Kloepfer, all 
of his equipment has come in very 
handy in hurrying the work along, 
even with heavy ground water condi- 
tions. And one of the handiest ma- 
chines of all is the halftrack-mounted 
Hydrohoe. 

Kloepfer summed it up in a nut- 
shell as he smiled and said: “Now 
that we have this machine and know 
what it will do, we wonder how we 
ever got along without it. We wonder 
what we'd do if we ever had to go 
back to the old hand-labor methods. 
No class of labor on a job is quite 
as problematical as hand labor.” 















Garbage Grinder Experiences, Jasper, Ind." 


by FRANK D. WRAIGHT 


Chief, Sewage Disposal Section, Indiana State Board of Healtt 


rv HE CITY OF JASPER has a 

population of approximately 6,- 
200 and is located in the southeast 
section of Indiana on the Patoka 
River. During prolonged dry periods, 
there is no flow of water in the Patoka 
River except that which is discharged 
from the sewage treatment plant. 
Most of the factories are dry indus- 
tries with the exception of a poultry 
packing plant. Over 92 per cent of 
the residents own their homes which 
was one of the factors that made 
practical, community-wide installa- 
tion of household garbage grinders. 
In 1949, Jasper was faced with abat- 
ing pollution of the Patoka River and 
also finding a suitable method of dis- 
posing of barbage. 

Because the garbage grinder would 
eliminate the garbage can and make 
possible a sanitary means of disposal 
at a reasonable cost, it was decided to 
proceed with the community-wide in- 
stallation of the grinders and to con- 
struct a Sewage Treatment Plant de- 
signed to treat the waste from such 
installations. The Indiana State Leg- 
islature enacted a bill permitting the 
issuance of revenue bonds for the pur- 
*Reprinted from Sew. & Ind. Wastes, Vol. 
28, No. 1, p-44 (1956) 


TABLE | 


—Comparison of Operating 
and Design Data 





| 


Data 


Unit l 
_ Operating 


| (1954) 


| 6,200 
0.460 


Design 


Population | 10,500 
Flows (mad) | | 0 
Grit chamber 

Comminutor 

Sewage pumps [4] 

(apm) 

Raw sludge pump 
(gpm) 

Return sludge pumps 
[2] (gpm) 

Primary settling tank 
[2] (surface rate 
gal/sq ft/day) 

Aeration tanks [3] 

(detention time, hr.) 

Blowers [3] (cfm) 

Final settling tanks [2] 
(surface rate, gal/sq 
ft/day) 

Digesters [2] (cu. ft./ 
capita) 

Sludge drying beds [8] 
(sq ft/capita) 





pose of installing household garbage- 
grinders and providing the municipal- 
ity with authority to establish such 
a project. . 

In March, 1950, the installation of 
garbage grinders was started and on 
August first there were approximately 
730 grinders installed and garbage 
collection ceased. At the present time 
there are approximately 1,000 garb- 
age grinders installed and practically 
all new houses are so equipped. 

Inasmuch as there was no precedent 
for the design of the sewage treat- 
ment facilities, it was necessary to 
make some speculative estimates. 
Units which are affected principally 
by volume of flow were not increased 
over conventional design. The aera- 
tion tanks were increased by 50 per 
cent; the digester capacity was in- 
creased by 57 per cent ; and the sludge 
drying bed area was increased by 60 
per cent. 

Table 1 shows how the average data 
for 1954 compares with the basis of 
design as well as the capacities of cer- 
tain treatment plant units. The actual 
average flow is less than one-half the 
design flow and the population is a 
little more than one-half the design 
population. 

Originally a 500 cim blower pow 
ered by a dual fuel gas-gasoline en- 
gine and an electrically driven 500 
cfm blower were installed. The gas 
engine was operated on gasoline, as 
sludge gas was insufficent. As there 
were times during which the blowers 
were inadequate, the gas engine and 
blower were replaced with an electric 
motor and blower to make an addi- 
tional 1,000 cfm of air available at 
all times. This has solved the air sup- 
ply problem. 

Table 2 shows the effect of the 
number of garbage grinders on the 
B.O.D. and suspended solids of the 
raw sewage. Even though there were 
150 more grinders in 1954 than in 
1951, the total pounds of B.O.D. and 
suspended solids were slightly less. 
This is probably due to the fact that 
intense rain occurred during the 1951 
survey and the solids which had ac- 
cumulated in the lateral sewers were 
flushed out during the rain. 

There was a significant increase in 
the raw sewage B.O.D. and suspend- 
ed solids as a result of the increased 


Indianapolis, Ind 


use of residential garbage grinders 
(Table 3). No attempt has been made 
to calculate a value which would show 
the per capita contribution of ground 
garbage. The data collected in wet 
weather indicates a flushing of de 
posits from the sewers. 

The following treatment efficiency 
averages for 1954 indicate the satis- 
factory results obtained 


Per Cent Removal 


Primary | Over-all 

|Treatment | Treatment 
B.O.D 33 73.2 
Susp. Solids 67.7 77.1 


A comparatively high removal of sus 
pended solids was particularly grat 
fying. 

Table 4 indicates the daily varia 
tion in mixed liquor dissolved oxygen 
Usual operation requires that only the 
1,000 cfm blower be operated during 
the weekend with the addition of the 
500 cfm blower during the week. This 
operation has maintained the dis 
solved oxygen content within reason 
able limits. 

Prior to May, 
were in use. aerato1 
volume the pounds of B.O.D. removed 
per thousand cubic feet was rather 
low, approximately 16 Ib per 1,000 
cu ft. Since the first part of May, 
1955, only two aerators have been in 
use with no apparent loss in the over 
all removal of B.O.D. and suspended 
solids. Mixed liquor average 
2,500 p.p.m., which is higher than 
carried previously. During this same 
month 23.5 lb of B.O.D. were re 
moved per 1,000 cu ft of aerator tank 
volume. 


1955 all three aera 
B 


tors ased on 


solids 





TABLE 2 


—Effect of the Increasing Number 
of Grinders on B.O.D. and Suspended 
Solids 
Susp. 

B.O.D. 4 
(mad) | (ppm) | (Ib) | polide 
0 0.407 15] 510 | * 
850 0.5022 227 

1.000 0.446 


_ } 
Grinders | Flow' | B.0.D. 


(no.) 





1 Average tlow. 
“Increased flow due t 
DATA 


1957 
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TABLE 3 A recent inspection of the outlet of 
a an 8-in. sewer on a .61 per cent grade, 

Per Capita Waste Discharge with a theoretical velocity of 2.5 ft 

per second flowing full, revealed no 

Determination -_ . ve » ; -ioimally 

Octeden oh one die ony erate] excessive sludge deposits. Originally 


(no.) there were 49 garbage grinders on 


Total Total Vol Susp Susp. Vol 7 
: ve. . » Vol. this lateral; now there are 70 to 80 
Solids Solids Solids Solids ) . : 
units. Principal sewer maintenance 
0.14 problems are tree roots and infiltra 
O.1¢ tion. 


Summary and Conclusion 
1. Air requirements per pound of 
B.0.D. removed are more than were 
anticipated in the original design, 
which was 1.4 cu ft per gallon of sew- 
The Jasper sewer system contains age. 
approximately 15 miles of combined > The increase in the number of 





Unfortunately, few data are avail- Sewer System 
ible which would indicate the quan 
tity and quality of the sludge pumped 
to the digester. However, based on 


the suspended solids removed and and sanitary sewers New sewers are garbage grinders produced a notice- 
allowing a 20 per cent loss in the sec tte for sanitary flow. However, able increase in B.O.D.., suspended 
the original system, which was con- solids content and volatiles. Data col- 
structed in 1910 and expanded after jected in wet weather indicates de 
1925, is a combined system. Grades posits have collected in the sewer sys 
vary from 0.16 per cent for the 12-in. tem but are readily flushed out dur- 
trunk sewers to 7.25 per cent on the ing a rain. 

6-in. lateral sewers. Considerable 
building is now taking place north and 


ndary process, it has been cak ulated 
that 1 Ib. of solids produces from 8 to 
10 cu tt of gas 
\fiter treatment plant operation be 
n, it was discovered that it was 1m 
ssible to use both return sludge 
umps and maintain the desired solids 
ncentration in the mixed liquor 
The inability to return sludge was 
due to the fact that the sludge division 
box was installed at a lower elevation 


3. B.O.D. removals are not excep 
tional ; however, the percentage of sus- 


east of the city, and a large area re pended solids removed in the primary 


ntly has been ; exe lic | . 
cently has been annexed whiich will settling tanks is good. 


add several hundred residenr -s to the : . a) ‘ 
mains stesirniie +. With the addition of a 500 cfm 
blower it was possible to maintain a 


Betore the garbage grinde: project 
5. & res reasonable D.O. content in the aera 


than specified in the design, resulting 
Was initiated several manholes were 


a bottleneck in the return sludg re at: - , oe se 

rhe | vas raised appr selected as check points to observe the tors at all times. It now appears po 

stem l¢ DOX Was Tratsed approx! - e . ae Ce Ee Saee _ 
sewer outlets from various sections of ible to operate effectively using only 


two aerators. 


ately 3 ft solving this problem 


the city. The purpose was to deter- 


Lhe : 
mine whether or not sludge deposits >. Gas production is considerably 


udge index and mixed liquo 
solids curves (Fig. 1) illustrate the ‘ 7 
onditions existing prior to raising would increase with an increase in higher than found in sewage treat- 
the division box. These curves ar garbage grinders ment plants not handling garbage. In 


based on Professor Bloodgo ul's state 


ent that the sludge index converted 


co 
> 





TABLE 4 


Daily Variations 
in Dissolved Oxygen 


Days Dissolved Oxygen (ppm) 
Min. | Av. Max. 
2 b Mixed Liquor Solids (ppm) 

4 2.3 3 3 


3 





to parts per million should be equal to 
or higher than the return sludge con 
centration. During this period of op 
eration, considerable difficulty was ox Sludge Index (ppm) 
casionally encountered in producing 
a settleable sludge. 

\fter eliminating the return sludge 
bottleneck, it was possible to operate Return Sludge Concentration (ppm) 
under the conditions shown in Fig 3JueO? 8S 10k 7 ey ———- 
ure 2. The mixed liquor solids in ; — ian WMA RHAS % 27 2 
creased toward 2,000 ppm and the 


sludge index improved. FIG. 1—SLUDGE and mixed liquor solids prior to increasing the return sludge volume. 
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many cases it may be 80 per cent 
higher. aes 
6. Sludge deposits in the sewer sys- 
_ tem are not a problem. 
The system of community-wide in- 


wg pati, stallation of garbage grinders has pro- 
\ . : . 

vided a sanitary means of garbage 

Mixed Liquor Solids (ppm) disposal for Jasper and has been a big 

step in improving the general sani- 


tation in the city. This system is not 
considered the ultimate in garbage 
disposal because it would be difficult 
if not impractical for some cities. The 
job of disposing of thrash remains and 
this can create a sanitation problem 
in itself. 
After five years of operation it can 
cate nhs Gow be stated that the disposal of garbage 
by the community-wide installation of 
Ne garbage grinders has been successful 
pa eee for Jasper. The system has had cer- 
tain operating problems; however, 
senemniaes — . a they have been little different from 
TTF HSC PEF HALLH ASU wyvHaxjas v7 sayy those encountered at any activated 
February , 195k 
sludge sewage treatment plant. 





Return Sludge Concentration (ppm) 


a] 








FIG. 2.—SLUDGE index and mixed liquor solids after increasing the return 
sludge volume. 
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Airkem Simplifies Odor Control 
For Wastes-Disposal Systems 


a+ cee 


1. Vaporized Airkem solution from application unit counter- 
acts airborne odors from primary settling tank area. 


a. 


2. Airkem spray heads are located at extreme right and left 
of activated sludge tank. Time clock controls application 
heads for evening operation. 


3. Drum application unit, simplest form of Airkem installa- 
tion, is shown here at municipal sludge lagoon. 


a 


Odor control is a profit builder 
for trucking companies, oil re- 


fineries, smelters, insvrance 
companies, and many other 


businesses and industries. 
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4. Close-up of applicator head mounted on drum of Airkem 
liquid. This simple equipment plus an air compressor is the 
complete installation. 


Airkem has developed odor counteractants that will 
control wastes odors found in every method and stage 
of treatment. AIRKEM equipment can be installed 
quickly and easily without interfering with plant opera- 
tion. Vaporizing AIRKEM liquid odor counteractants 
is the standard answer for installations throughout the 
United States. AIRKEM odor counteractants do not 
enter the system to disturb normal chemical or bacterial 


action. 


Write for free consultation with AIRKEM Field Engi- 
neers. They will analyze the odor problem and recom- 
mend the most economical and effective solution. Liter- 
ature on AIRKEM installations is also available. Mail 


in the coupon today. 


AIRKEM, INC. 
241 East 44th Street, New York 17, N. Y. 


C) Please send me information on Airkem treatment of 
sewage and industrial odors. 


() Please have Airkem Field Engineer call. 


Name 








Title 


Company 





Address Se 





City Zone State 
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Counteraction of Sewage Odors’ 


N THE PRACTICAL field of air 
| pollution abatement in the past, the 
destruction of odors has often had the 
aspect of a hopeless task. The field of 
physical and chemical destruction of 
odors has been explored endlessly. 
Mechanical equipment for this pur- 
pose has proved to be inadequate and 
costly And, while practically every 
known combination of chemicals has 
been tried at one time or another in 
an attempt to destroy odors by chem- 
icals reaction, most chemicals that are 
known to be effective as powerful 
deodorants against air-borne odors are 
toxic to human beings in the con- 
centrations required for odor destruc- 
tion in the atmosphere. 

The treatment of sewage and indus- 
trial wastes has become an extremely 
important aspect of modern living and 
the designing engineers and operators 
of modern sewage treatment stations 
are to be commended on the excellent 
work they have done in attempting to 
control odor nuisances. There are still 
odor-control problems to be solved, 
however, in the handling of sewage 
for, while treatment and disposal are 
conducted under careful bacteriological 
control and advanced engineering de- 
sign, some plants are subjected to the 
most complex and obnoxious mix- 
tures conceivable. The liquid wastes 
from industrial activity alone are 
seemingly endless in variety. These 
wastes come from dye works, chem- 
ical plants, synthetic rubber plants, 
oil wells, refineries, gas plants, milk 
condenseries, paper mills, slaughter 
houses, glue iactories, woolen mills, 
breweries, food products plants, and 
many other industrial establishments. 

In wastes most of these 
sources there is adequate organic mat- 
ter of nitrogenous or sulfurous nature 
to give rise to the noxious products 
of biological decomposition. From the 
standpoint of odor, the worst of these 
gases are sulfides, mercaptans, indoles 
and amines. In addition to organic 
products, the waste waters from many 
establishments contain dissolved gases 
of malodorous quality that are little 
affected by the natural forces of self- 
purification in the water course or 
lake. These not only affect the water 


from 


*Reprinted from Sew. & Ind. Wastes, 


Vol. 28, No. 2, p. 221 (1956) 


by NICHOLAS POST 


Airkem, Inc., New York, N. Y. 


supply but may also contaminate the 
air for miles to degrade the surround- 
ing commercial bathing 
beaches and resorts. Many odorous in- 
dustrial plants are removing odorous 
effluents from their stacks by the use 
of cyclone washers or scrubbers and 
chemical reaction. Unfortunately, a 
g many of these are not 
readily oxidized or consumed as or 
ganic food, and treatment for odor by 
use of chemicals may create new odor 


shorelines, 


good wastes 


problems. 


Odor Perception 


Since hydrogen sulfide, methyl mer 
captans and methyl amines are all 
offenders, might 
clude that the elimination of hydrogen 
sulfide would be the first line of at 
tack. It is well known that hydrogen 
sulfide is a very toxic material and 
there have been reports that 
sewage treatment plants have dispers 


odorous one con 


some 


ed sufficient quantities to cause phys 
ical damage to plant equipment. A 
condition of this nature, of course, 
should be corrected at once. In sew- 
age odor perception, however, hy- 
drogen sulfide is not always the pri 
mary problem. 

In the field of odor perception there 
are four facts of primary importance 
which must be taken into considera- 
tion, even though they cannot be 
demonstrated by chemical 
These are as follows: 

a Weak odors are not perceived 
in the presence of strong ones. 

2. Odors of the strength 
sometimes blend to produce a com- 
bination in which one or both of the 


analysis. 


same 


components is unrecognizable. 

3. In the presence of odors of con 
stant intensity we rather quickly lose 
awareness of any odor at all. 

4. Our like and dislike for any odor 
depends largely on association of the 
scent with pleasant or unpleasant ex- 
periences and impressions in the past. 

Odor appraisals by the author of 
some 300 sewage plants in the Mid- 
west, the Gulf Region, the Atlantic 
Coast and the West Coast indicated 
that hydrogen sulfide is not the typical 
sewage odor characteristic. The sim 
ilarity of more 
noteworthy than any dissimilarity, in 
spite of variations in hydrogen sulfide. 
It was therefore concluded that com- 


sewage odors was 


binations of methyl 
methyl sulfides and amines, in addi 
tion to indoles and skatoles, are the 
major offenders in sewage odor per 
ception. When this combination of 
odors is in the ait 
curs what may be termed the “typical 
sewage odor.” While this odor char 
acteristic in all plants visited was very 
similar, it varied in intensity. Local 
conditions and types of treatment may 
increase or decrease any of the afore 


mercaptans, 


stream, there oc 


mentioned odor combinations 


Odor Control Techniques 


Methods avail 
able for control of odors by treatment 
divided inte 
combus 


now commercially 


of odorous air may be 
four general classifications : 
tion, absorption, use of odor modifica 
tion, and counteraction. The first 
three methods, with their operating 
problems and limitations, have 
described elsewhere in the literature, 
notably by Weaver’. The author is 
primarily concerned with describing 
the method of counteraction, pre 
viously treated by von Bergen?. 


been 


Principle of Counteraction 


A very limited number of scientists 
have directed their attention to the 
field of odor perception. Around the 
turn of the century, Hendrick Zwaatr 
demaker, a Flemish scientist, discov 
ered that 
singly, may be 
Using « double olfactometer, he ex 
perimented with many pairs of odor 
ous substances, introducing them in 
dividually to either nostril to measure 
the ratio of quantities required for 
counteraction. By 


two substances, odorous 


inodorous together. 


neutralization or 
this method, all possibility of chemical 
between the 
Some 


two substances 
was removed. of the recorded 
counteracting odors were cedarwood 
vs. rubber; rubber vs. wax; wax vs 
balsam of Tolu ; and paraffin ws. wax. 
It is important to note that the true 
neutralization or counteraction 
dors leaves no overriding odor, pleas 


reaction 


of 0- 


ant or unpleasant. There is some con 
fusion in both the technical and pop 
ular press regarding the terms “odor 
and “odor modification” or 
strong 


masking” 
“odor counteraction.” odors 
tend to mask two 
odors are of about equal strength, a 
blend of the two is perceived or pos- 


weaker ones. If 
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sibly both are identified. If one odor 
is considerably stronger than the 
other, as a rule it alone is perceived 
This is masking. On the other hand 
certain pairs of odors, in appropriate 
relative concentrations, are antagonis- 
when the two are sniffed 
the intensity of each odor is 
This is counteraction. 
Che field of odor control by counter 
as developed today, is based 
on the signficant work done by 
Zwaardemaker. The development of 
odor counteractants has been a matter 
of pure research and many years have 
been spent in this delicate work. 
There is no widely accepted clas 
sification of odors and, as a matter of 
fact, the description of odors usually 


tic: an l, 
together, 


diminished 


ction, 


lepends on comparison. Sewage odors 
ire complex groups of odors. It is un- 
usual to obtain a specific odor from a 
sewage treatment plant and, 
when this is the case, the odor may 
with transient odors in the 
atmosphere. For this 
reason waste odor counteractant for 
although designed for 
odor descriptions, may con 


even 


surrounding 
! nding 


sper 1c 
tain complex groups of odor counter 
ictants. There is no chemical method 

own for determining the effective- 
ness of odor counteractants. They are, 
however, successful in odor perceptive 
work and, in the last analysis, odor 
trials are the criteria for 
any odor abate- 


1 


1™ reeption 
the effectiveness of 
ment method 


Application of Odor Counteractants 

Che principle of odor counteraction 
deals with the molecules of malodor. 
In the process of odor perception the 
olfactory tract is so located that ordi- 
only gas reaches it. Gas, of 
course, includes vapor. The sensitive 
areas are at the closed ends of chan- 
nels that are readily penetrated only 
by diffusion, and the diffusion of solid 
ind liquid particles of more than sub 


narily 


microscopic size is almost negligible. 
Accordingly, characteristic odors are 
rarely, if ever, produced by a smoke 
or mist of solid or liquid particles, 
fine, except in the case of 
materials volatile enough to be smelled 
when only the vapor comes from mas- 
sive forms of them. For practical pur- 
poses an odor is always a gas mol- 
ecularly dispersed in the air in suf- 
ficient concentration to be above the 
threshold level of perception. For this 
reason, odor counteractants are most 
effective when vaporized and com- 
bined with the air stream by mol- 
ecular dispersion. Regardless of 
whether the stream of odors is held to 
the by air inversion or is 
vertically or horizontally dispersed, 
the counteractant is carried with the 


however! 


ground 
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SYSTEM for counteraction 


malodor and is noticeably effective 
until the odor is dispersed beyond 
the range of perceptibility. 

There are many sources of odor 
within the sewage treatment plant. 
Open grit handling bar racks 
and screens, sedimentation areas, dry- 


areas, 


ing beds, sewage vents, manholes and 
lift stations may all become odorous. 
The odors from these sources expand 
by molecular dispersion in a rough 
range of five to one until the odorous 
pool is taken over by air movement. 
Further dispersal, mixing and dilution 
takes place during the variable air 
movements until the characteristic 
odor of sewage is perceived in the 
complaining area 

Odor counteractants are vaporized 
in much the same way by atomizing 
the counteractant into the air stream 
by means of a calibrated atomizing 
nozzle. These vaporizing points are 
usually located at the ground level, 
on the roof of a plant structure, and 
in the vicinity of the most odorous ef- 
fluents. This provides vertical cover- 
age from the bottom to the top of the 
odorous pool. The odor counteract- 
ants mix with the odorous air stream 
by molecular dispersion and air move- 
ments, and are designed to follow the 
physical behavior pattern of the odor- 
ous elements. Some odorous elements 


of odors in sewage plant 


disperse beyond the limits of percepti- 


bility rapidly; others are more tena- 
cious and do not disperse as quickly, 
either horizontally or vertically. Many 
groups of odors continue to travel and 
vaporize for miles. Specific odor coun 
teractants are designed to follow these 
physical dispersal patterns. 
Vaporization of the liquid odor 
counteractant is accomplished by 
clean, compressed air (approximately 
2 c.fi.m. per gun). The liquid odor 
counteractant is stored in a drum in 
a convenient location and fed through 
small connecting lines to the vaporiz- 
ing nozzles by air pressure. The op- 
eration is automatic and, once the in- 
stallation is set up and balanced, re- 
quires little maintenance except for 
weekly filling of the containers. Odor 
sources, vaporizing at a continuous 
rate, are treated continuously. The 
atomizing equipment is simple, re- 
quires little or no service and is read- 
ily adaptable to any area. It is easy 
to install, no alterations are required 
in the process equipment, and no 
downtime is required for installation. 
In one activated sludge plant with 
an average daily sewage flow of 12 
m.g.d., two guns were mounted to 
vaporize in the area of the aeration 
tanks. Another gun was located at the 
grit removal chamber to take care of 





the odors from this point and also 
those odors which might originate 
from the sludge drying beds nearby. 
A specific odor counteractant was 
used for these odorous components. 

In a second treatment plant which 
treats the wastes from a population 
some 20,000 people plus the indus- 
trial wastes trom a pharmaceutical 
laboratory, two guns were installed at 
the trickling filters to operate auto- 
matically. At this plant the odor is 
most noticeable during the late after- 
noon and early evening hours so coun- 
teraction is placed in operation only 
during these hours when the odors 
are most severe. 

In a third treatment plant hydrogen 
sulfide escaping from a raw sewage 
inlet structure caused numerous com- 
plaints. A vaporizing gun was in- 
stalled at the top of this inlet for at- 
mospheric treatment. The enclosed 
area within the structure was not 
treated. It should be pointed out, how- 
ever that, without its warning charac- 
teristic odor, hydrogen sulfide can be 
very deadly. It should never be 
treated for odor control until it has 
been discharged at a point where dis- 
persal is sufficient to reduce the parts 
per million below the maximum per- 
missible limits for toxicity. 


Dispersion of Odors 


The atmosphere surrounding a sew- 
age treatment plant usually has great 
capacity to disperse odorous effluents. 
Under favorable weather conditions 
the odors from a plant will rise grad- 
ually as they flow downwind and the 
contaminants will be dispersed until 


only a negligible concentration pre- 
vails in the atmosphere. Under these 
conditions and under conditions of ac- 
tual vertical dispersion, odors do not 
ordinally become an annoyance in 
the surrounding area. Unfortunately, 
there are many natural influences 
which arise to disturb this orderly dis- 
persion. These adverse influences are 
aerodynamic and meteorologic. Wind 
flowing past a treatment plant gener- 
ates a turbulence in the wake of the 
digesters and of the buildings. Tur- 
bulent masses of odor above and be- 
hind the plant are brought down to the 
ground in a spreading area. This-is 
termed “downwash.” Under these 
circumstances concentrations of odors 
may be very high an area close to the 
plant. If the odor escapes the down- 
wash situation it may flow downwind 
and come under the adverse influence 
of terrain. Hills, valleys, bays and 
pockets may set up currents which 
entrap the odors. Thermal influences 
in the atmosphere play a large part in 
the over-all movement. Under con- 
ditions of air inversion large quan- 
tities of odors may be brought to the 
ground over a large area and some- 
times held there for hours. The loca- 
tion of the treatment plant is also of 
great importance. It may be located in 
a deep valley or on level ground, in 
sparsely settled territory or a com- 
munity where there are many obstruc- 
tions to smooth air flow. These fac- 
tors all affect the dispersion and the 
diffusion of odors, the reaction of the 
surrounding community to them, and 
are important to valid odor survey 
work, 

The odor counteraction niethod of 
application is adaptable to favorable 


R-339 


and unfavorable air movements. Un- 
der conditions of good vertical disper- 
sion or rising horizontal dispersions 
the application can be cut off. Under 
conditions of air inversion or wind 
velocities that create building turbu- 
lence and thermal looping, the coun- 
teractant may be dispersed into the 
air stream. Many sewage treatment 
plants are located in areas where the 
prevailing wind may be away from 
the populated or residential areas. To 
meet such conditions, wind control 
devices have been designed that auto- 
matically apply the odor counteractant 
when the wind is in the direction of 
the complaining area and stop the 
application when the wind direction 
is towards an unpopulated, or non- 
complaining, area. 

Public opinion is an important fac- 
tor in air pollution control and lack of 
an understanding public relations at- 
titude towards the problem of air pol- 
lution is a serious matter. Good rela- 
tions with a general public are ex- 
tremely important for an aroused pub- 
lic is an unreasonable public, and an 
unreasonable public can cause exces- 
sive expenditures. It is, therefore, es- 
sential that industries and municipal- 
ities survey their positions to de- 
termine the most.advantageous course 
of action in reference to air pollution 
control. 
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pyri WATAR TREATMENT 
wel be 


Vt iG im 


to handle any 
Industrial Waste Problem 


Write for detailed literature on any or 
all of these processes and equipment. 


Industrial Waste Treatment Dept. W-510 


GRAVER WATER CONDITIONING CO. 
Division of Graver Tank & Mig. Co., inc. 
216 West 14th Street, New York 11, N. Y. 








VI. INDUSTRIAL WASTES 


PROBLEMS in the disposal of 
water most of the 
industries. sur- 
veys indicate that there are more than 
10,600 industries discharing water 
polluting wastes. Of these approxi- 
mately 3,000 are known to be treating 


exist in 
Government 


used 


pre CESS 


wastes to some degree and of approxli- 
mately 7500 more plants with liquid 
wastes, perhaps 2500 are organic in 
nature equivalent to a population of 
60 million persons. 

The quantities of these wastes vary 
widely sometimes running as high as 
50,000 gallons per unit of production. 
When consideration is given to the 
volume and strength of the various 
wastes from industry, it 
readily understandable that industrial 
waste pollution of natural water sup- 
plies is a serious problem. 


becomes 


Combined Treatment 


According to H. H. Black of the 
U. S. Public Health Service, “There 
are many instances where the residual 
wastes from a manufacturing process 
most treated 
along with domestic sewage.” This 
“combined treatment” approach to 
handling industrial waste treatment 
has been growing throughout the 
country. Combined treatment usually 
causes fewer problems in large mu 
nicipalities where the quantity of sew- 


can be economically 


age provides adequate dilution. In 
small cities, the opposite condition 
may exist. 

Not all industrial wastes 
taken into the municipal sewers and 
treated in the municipal sewage 
works. In short, certain are 
not acceptable in municipal sewers. 
Those wastes which, by themselves or 
by reaction with other wastes, inter- 
fere with the normal operation of the 
sewers Or sewage treatment processes 
cannot be taken into the sewers. 


can be 


wastes 


Unacceptable wastes include explo- 
and flammable and 
substances which liberate dissolved 
gases of corrosive nature or are other- 
wise sewers or treatment 
works structures. Toxic substances 
must be excluded unless they are di- 
luted to concentrations below the 
level which will not adversely affect 
activity at the treatment 
works. Petroleum wastes also are gen- 
erally unacceptable. 


sive substances 


corrosive 


bi ric gical 


Industrial Waste Surveys 

Where industry exists in a munici- 
pality, and there is problem of treat 
ment of industrial waste involved, it 


behooves both the municipality and 
the industries to cooperate in an in 
dustrial waste survey. 

In any industrial waste survey, the 
purpose is not to persecute industry 
but to establish the extent of 
problem and the solution. The initial 
step in an industrial waste survey 1s 
to obtain adequate publicity to the 
general public and the industries, em 
phasizing that the cooperation and aid 
of industry is the paramount consid- 
eration. 

The second step is to list and classi 
fy all industries those 
which have no waste, or those which 
present no problem to treatment. 
Other classes should be listed in order 
of known relative strength or impor- 


eliminating 


tance. The next step is to confer with 
the individual industries and set up 
a program of actual investigation, 
sampling and analysis. 


Pretreatment 


In some instances, industrial wastes 
are not acceptable unless they receive 
pretreatment. Pretreatment is 
particularly valuable as a means of 
reducing the load on the municipal 
plant. Screening is the simplest form 
of pretreatment ; it is particularly ap 
plicable to canneries, tanneries, and 
paper mills. Settling with or without 
chemicals is useful but present prob 
lems of sludge disposal for the indus 
try. If grease is a problem, it should 
be removed or recovered. 

When industrial wastes are taken 
into the municipal sewer system, it is 
highly desirable that industry does not 
dump wastes. Rather, wastes should 
be discharged continuously the 
day, or if possible discharged during 
the night hours when the domestic 
concentration and volume is 
low. The control of waste discharge is 


some 


over 


sewage 


possible by means of instrumentation 


Charges for Industrial Wastes 


When industrial wastes are dis- 
charged to a municipal sewer system 
and treatment works, there is always 
the question of how shall the industry 
be charged for the treatment of the 
wastes. In some cities, the payment of 
real estate taxes are the only charges 
made to industry, but such taxes pay 
only for a waste volume commensu 
rate with the property value and a 
waste strength no more than average 
domestic sewage. 

In recent years, the theory of sew- 
in effect in one third of the cities in 
this country of over 5000 population 


the 


Such charges are based on the theory 
that persons who use or have the 
benefit of sewage treatment should be 
charged for the service in relation to 
the benefits. Application of this theory 
to industrial wastes is not simple. 


Four Types of Formulas 


There are four basic formulas by 
which industries have been charged 
for wastes discharged to the munici- 
pal sewage works. These formulas are 
briefly: (1) The Flat Rate Formula, 
) The Quality-Quantity Formula, 
) The California Formula and (4) 
e Joint Committee Formula. 

The Flat Formula is 
on same cost per unit, e.g., unit of 
production, floor volume of 
waste, volume of water used, time or 
type of industry. The Flat Rate For- 
mula is generally used in the smaller 
communities. 

The Quality-Quantity Formula is 
an attempt to obtain a more appropri- 
i This type of 
formula is applied to wastes higher 
in concentration volume) than 
that considered normal for the munic1 
pality—on the that these 


wastes 1mpose operating costs greater 


(2 
> 
(3 
Ch 
Rate based 


spac S.. 


ate basis of charge. 


(or 
theory 


than will be paid for by taxes or flat 
rales. 

Phe California Formula, as pro- 
posed by the California Sewage and 
Industrial Waste Assn., 
to overcome the inherent 
(uality-Quantity 
their strictly local application. The 
California Formula combines consid 
eration of both cost of treating the 
waste and taxes paid. 

The fourth formula was developed 
by the Joint Committee of ASCE 
Am. Bar Assn., AWWA, NARUC, 
MFDA, FSIWA and APWA. The 
difference between this and 
other formulas is that it charges some 


was an effort 
fault of the 
formulas namely, 


basic 


of the costs of operation to non-users, 
1.e., to property. The charges are com- 
puted on the basis of (1) collection 
system and treatment plant and on 
operation, maintenance and 
replacement and (2) fixed 
charges. The proportion of these two 


cost of 


costs 


costs to be borne by users and by 


properties is determined for each of 
the two parts of the system (collec- 
tion and treatment). The application 
of this formula is quite complex and 
is feasible only in large cities where 
there is an adequate technical staff. 

These formulas, with examples and 
applications have been set forth in an 
article in the Equipment and Data 
Section of the Sept.-Oct. 1956 issu 
of Industrial Wastes. 
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Requirements for Establishing 


Industrial Waste Ordinances 


| NDUSTRIAL WASTES and do- 
mestic sewage are two of the prin- 
cipal causes of the recognized water 
pollution problem in this country. 
Both types of wastes are man-made 
and can be controlled. 

Industrial wastes discharged to pub- 
lic sewers constitute a large proportion 
of the total flow from industry. It is 
this segment of the total which can 
be controlled on a local level by the 
and regulations commonly 
known as industrial waste ordinances. 

Most industries in this country are 
located in or near political subdivisions 
which have sewer systems. A U. S. 
Public Health Service report’ stated 
that there were 11,811 municipalities 
having sewer systems, with about 56 
per cent having treatment 
plants, most of which were receiving 
industrial to some extent A 
survey by the National Association of 
Manufacturers of more than 3,000 in 
dustries indicated that 69 per cent of 
the indstries discharged all or a part 


rules 


sewage 


wastes 


of their wastes into municipal sewage 
works. These facts point to the com 
mon problem facing industries and 
municipalities in waste disposal 
Industry naturally wishes to 
pose of wastes at the lowest possible 


dis 
cost. This can usually be done by dis- 
charge to the municipal waste disposal 
system. Most industries in incorpo- 
rated areas feel that it is the respon- 
sibility of municipal government to 
dispose of their water-carried wastes. 
Most municipalities are willing to ac- 
cept this responsibility, provided the 
industrial wastes are acceptable for 
discharge to the municipal sewage dis- 
posal facilities. When the quantities 
of industrial wastes are much greater 
than those of domestic sewage, there 
are usually problems of jurisdiction 
and cost. These problems, however, 
can be solved with equity 

Every industry has the option of 
treating its own wastes and discharg- 
ing them to public watercourses. It 
then becomes the duty of water pol- 
lution control agencies to determine 


W.&S.W.—REFERENCE & DATA—1957 


by DEAN M. TAYLOR 


nt ot Put W 


whether or not the effluents meet ac- 
cepted pollution standards. If indus- 
trial effluents do not meet established 
standards for discharge to waters of 
the State, the City of Cincinnati, Ohio, 
applies the same sewer charges as are 
applied to wastes going into public 
sewers. 

If it is agreed that industrial wastes 
are to be discharged to public sewers, 
it then becomes fitting and proper to 
adopt rules and regulations govern- 
ing the use of the public sewer sys- 
tem. “Manual of Practice No. 3’ of 
the Federation of Sewage and Indus- 
trial Wastes Associations states that 
every municipality should adopt a 
suitable and complete ordinance, fitted 
to local conditions, for the control and 
regulation of the use of public sewage 
works. It gives reasons for municipal 
sewer ordinances, details of ordi- 
nance composition, and a model ordi- 
nance. This model ordinance is of the 
so-called “long’’ type, which includes 
the detailed requirements for compli- 
ance. The manual gives very good cov- 
erage for a municipal sewer ordinance ; 
many people would be satisfied with it 
for an industrial waste ordinance, be- 
cause it does discuss industrial wastes 
in the section on “Regulation of Wa- 
ters and Wastes Admissable to Pub- 
lic Sewers.” The author, however, 
does not consider this model sewer 
ordinance as satisfactory for an in- 
dustrial waste ordinance because there 
is no consideration of financing. The 
Industrial Wastes Committee of the 
California Sewage Works Associa- 
tion® went so far as to state that the 
whole matter, in the final analysis, is 
one of cost of disposing of trouble- 
some industrial wastes and of who 
shall pay the price. It is unrealistic to 
ignore costs of handling industrial 
wastes when establishing industrial 
waste ordinances. 

Establishing an indusirial waste 
ordinance is no simple task. When one 
begins to consider all the different 
situations that may exist in different 
communities, it is realized that there 


is no single industrial waste ordinance, 
per se, for all conditions. The Indus- 
trial Wastes Committee of the Cali- 
fornia Sewage Works Association 
states® “no fixed policy can be set up 
for all cities to follow in connection 
with the treatment and disposal of in- 
dustrial wastes. There are entirely 
too many factors involved in different 
cities to make one rule applicable 
to all.” 

Probably the best procedure is to 
first form a committee which includes 
those people best qualified to deal with 
the subject. It is important that both 
industry and municipal government, 
including the people required to ad- 
minister the ordinance, be represented. 
Industrial waste ordinances have 
failed to pass in certain cities simply 
because governmental officials failed 
to take industry into their confidence. 
The committee can get all the facts, 
study them, evaluate them, and draw 
up an ordinance according to the best 
principles of practice. Various com- 
mittees on a professional level in the 
fields of engineering, law, finance, and 
government have been giving this 
subject serious consideration in the 
last few years. The common exchange 
of ideas has been beneficial in estab- 
lishing some basic fundamentals which 
should be studied and discussed by all 
those concerned with the subject. 

The question of what should be 
included in an industrial waste ordi- 
nance is controversial. “Manual of 
Practice No. 3°” that sewer 
ordinances used in municipalities of 
small and moderate size are usually 
self-contained in that they encom- 
pass all elements of control, includ- 
ing the detailed requirements for com- 
pliance. This is called a “long form” 
of ordinance. The Manual also states 
that in some large cities only a simple 


States 


instrument is used, with the person 
or department administering the ordi- 
nance given the power to develop de- 
tailed rules and regulations, setting 
forth the specific requirements to be 





met. The short form of ordinance is 
used by Detroit, the Boston Metro- 
politan District Commission, the Sani- 
tary District of Chicago, and the Mil- 
waukee Sewerage Commission. 

The author prefers the short form 
of ordinance because of its greater 
flexibility and ease of application. 
Councils and Commissions are usually 
unfamiliar with the technical details 
of an industrial waste ordinance and 
consequently are reluctant to make 
any changes, regardless of need. When 


the professional person or persons ad- 


ministering the ordinance sees the 
need for changes in the rules and reg- 
ulations which he or they have set up, 
it is a relatively simple procedure to 
make the desired changes or additions. 

The Industrial Waste Ordinance of 
the City of Cincinnati, Ohio, for the 
Metropolitan Sewage Disposal Sys- 
tem is a short form of ordinance, with 
provision for separate rules and regu- 
lations controlling discharge to public 
sewers. It was passed in 1953 to sup- 
plement the original sewage disposal 
ordinance of 1948 which was passed 
by City Council to provide funds 
for the Metropolitan Sewage Disposal 
System of Cincinnati ; and to fix rates 
to be charged by the city to the owners 
of benefited property for the use of 
the sewer system and sewage pump- 
ing, treatment, and disposal works. 
When it was realized that the sewage 
service charge rates, on a volume 
basis, were inadequate to pay for the 
increased construction, operation and 
maintenance costs, two additional or- 
dinances were passed in 1953. The 
Sewage Service Charge Ordinance 
modified the original ordinance by in- 
creasing rates on a volume basis. The 
Industrial Waste Ordinance supple- 
mented the original ordinance by es- 
tablishing rates of surcharge for 
wastes greater in strength, on a sus- 
pended solids and B.O.D. basis, than 
a defined “normal sewage” (300 ppm 
suspended solids and 240 ppm 
B.O.D.). The Rules and Regulations 
have been amended twice since their 
adoption in 1953 to remedy technical 
discrepancies. 

Certain phases of industrial waste 
ordinances are fundamental, such as 
policy, legal requirements, financing 
and engineering requirements. 


Policy 


Policy should be established as 
quickly as possible because success is 
difficult without clear-cut plans. The 
initiative in establishing industrial 
waste ordinances usually falls on local 
government. If an industry is dis- 
charging its wastes to public waters, 
it will not be particularly interested 
in an industrial waste ordinance un- 


less water pollution regulations are 
threatening its methods of waste dis- 
posal. If an industry is already dis- 
charging its wastes to public sewers, 
it will be reluctant to promote a pro- 
gram costing more money. Conse- 
quently, when local government is 
faced with the problems of water 
pollution regulations, it must initiate 
proper waste disposal methods, in- 
cluding considerations for industrial 
wastes. 

If local government has a sewer 
system but no treatment facilities, it 
will sooner or later probably have to 
install proper treatment facilities. If 
it had no sewer ordinance previously 
to protect its sewer system, this need 
should become apparent when apply- 
ing rules for discharge to protect 
treatment facilities. Moreover, it may 
need restricting regulations to meet 
effluent or stream standards. 

The question of whether or not to 
accept industrial wastes into municipal 
waste disposal svstems denends large- 
ly on local conditions. The relative 
volumes and strengths of domestic 
and industrial wastes varv consider- 
ably. The relative economic impor- 
tance of an industry or industries in 
small communities often makes a big 
difference. It is generally agreed. 
however, that. except for accepted 
technical reasons, domestic and indus- 
trial wastes can he treated together 
in one system. If certain industrial 
wastes cannot be treated to the point 
ef acceptance for treatment in the 
municipal system, they will have to be 
excluded. 

Tf it is agreed that admissable in- 
dustrial wastes will be handled in the 
municipal system. it is practical and 
realistic to provide for the cost of 
same in an industrial waste ordinance 
The cost of handling industrial wastes 
will have to be met one way or an- 
other and it might as well be on an 
equitable basis. When industry and 
government work out the solution to- 
gether, they can understand each oth- 
er’s problems and usually come to 
some common plan for financing. 

The Cincinnati Industrial Waste 
Ordinance supplements the original 
sewage disposal ordinance, which es- 
tablished the sewer service charge to 
finance .he sewage disposal program. 
It provides for a surcharge on indus- 
trial wastes which impose an unrea- 
sonable burden upon the sewage dis- 
posal system greater than average or 
“normal” sewage. It also prohibits any 
wastes which will damage the system 
or cannot be treated satisfactorily. 

The Cincinnati Industrial Waste 
Ordinance was the result of many 
meetings with representatives of in- 
dustry and public hearings. The Cin- 
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cinnati Chamber of Commerce played 
an important part in bringing out the 
interests of everyone concerned. It is 
actually stated in the ordinance that 
the City of Cincinnati, in response to 
the request of industry, will build 
sewage treatment facilities capable of 
treating admissable industrial wastes 
in excess of “normal” sewage. It also 
states that industry has agreed to pay 
for those costs additional to treating 
“normal” sewage. 


Legal Requirements 

There are certain legal require- 
ments for industrial waste ordinances. 
Laws vary from state to state and or- 
dinance committees should seek legal 
advice to avoid mistakes which will 
hinder or even prevent the develop- 
ment and adoption of desired ordi- 
nances. All states have laws permit- 
ting political subdivisions to adopt 


_ordinances complying with existing 


laws. Cities have had the greatest lati- 
tude over the years, but recently 
smaller communities and unincorpo- 
rated areas have been given more ad- 
ministrative powers. More recently 
some states have passed laws provid- 
ing for the incorporation of authori- 
ties for municipalities, counties, and 
townships. 

Such authorities are authorized to 
acquire, construct, improve, maintain, 
and operate projects; to borrow 
money and issue bonds ; to provide for 
the payment of such bonds; to estab- 
lish rates for revenue, etc. Geograph- 
ical or other special considerations 
may make desirable joint participa- 
tion by adjoining municipalities or 
suburban areas. This may be achieved 
through the establishment of special 
districts for sewage purposes, cover- 
ing an appropriate service area, or 
by functional consolidation. 

For very practical reasons, pro- 
cedures for establishing fair rates and 
rate structures should, so far as pos- 
sible, be applicable to existing meth- 
ods of financing under existing en- 
abling acts or should point the way 
to statutory changes or innovations. 

Charges for industrial wastes are 
usually based on sewage service 
charges or surcharges, and special fi- 
nancing agreements. Consequently, it 
is important to be familiar with all 
state financing laws and local regula- 
tions. 

In most states, the issuance of gen- 
eral obligation bonds by local units 
of government is subject to limita- 
tions, sometimes constitutional, some- 
times statutory, and usually expressed 
quantitatively by reference to assessed 
values of taxable property. Special 
assessment bonds are issued only 
where certain properties are recipi- 
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ents of special benefits not accruing to 
other properties. Special assessments 
may be levied by most municipalities 
and b 
sions, and other types ol local bodies, 
Statute 

revenue bonds 


municipal districts, commis 


ay be authorized by 

rally speaking, 
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and Harbor Act of August 26, 1937, 
reported in 1943 that the principal 
obstacle to the abatement of pollution 
is the actual financing of the necessary 
facilities. It is inevitable that people 
drawing up ordinances will be con- 
fronted with this problem. Some will 
say that it is the crux of the whole 
subject. So many plans have been 
proposed that there is little wonder 
that municipal officials and industries 
experience difficulty in approaching 
the problem. Too often fundamental 
considerations are lost sight of and 
expediency and the path of least re- 
sistance become deciding factors. 

he most comprehensive report to 
date on fundamental considerations 
in rates and rate structures for sew- 
age works is the Joint Report® of 
Committees of the American Society 
of Civil Engineers and the American 
Bar Association and representatives 
of six other organizations. The basic 
conclusion of this report is that both 
users and non-users should contribute 
to the total annual revenue 
approximately in proportion to the 
cost of providing for the use and for 
the benefits received Schroepfer® has 
applied the Joint Committee recom- 
mendations to an illustrative example. 


needed 


It is no simple task to apply the 
Joint Committee recommendations for 
fair sewage service charges. It is 
fundamentally one of first determin- 
ing the total annual revenue require- 
ments and distributing the costs in 
proportion to benefits and use. Costs 
for industrial wastes should be fig- 
ured in with all other costs and then 
distributed accordingly 

Annual charges can be based on 
costs for (a) collection system; (b) 
intercepting sewers, including pump- 
ing stations; and (c) treatment facil- 
ities. The revenue requirements for 
these units are usually divided among 
(a) fixed charges or debt service, (b) 
operation, and (c) maintenance and 
replacement. After plans for the waste 
disposal system have been established, 
the first step would be to calculate the 
fixed charges for each unit of the 
system. It will be more difficult to esti- 
mate the operation and maintenance 
costs and they may have to be revised 
after operation data have been ob- 
tained. It will also be necessary to 
make allowance for such overhead 
costs as collection of revenue, field 
investigations, sampling and gaging of 
industrial wastes, laboratory analyses, 
administration, etc. 

The allocation of costs is more diffi- 
cult. Both property and the user are 
responsible for certain items of costs. 
It is reasonable to that storm 
water, ground water, public use, and 
future use are chargeable to property. 


Say 


The charges to users are based on the 
characteristics of wastes discharged 
to the system. The relative proportions 
of costs to property and users will 
vary in the different units of the sys- 
tem. The size and cost of collecting 
sewers and intercepting sewers are 
caused wholly by the quantity of sew- 
age. The percentages for pumping 
stations are based mainly on quanti- 
ties with due regard for that part of 
the cost of screens and screening dis- 
posal facilities caused by use and by 
storm water; and to the wearing of 
pump parts by grit in storm water. 

In the treatment plant, the percent- 
ages caused by use and by property 
depend on both the quantity and the 
characteristics of the sewage. A study 
of the costs of various parts of each 
major part or function is required. 
Thus, the cost of screens and grit 
tanks is attributable mainly to grit 
and storm water from property. Sedi 
mentation costs are affected princi- 
pally by volume and chargeable to 
both property and users. On the other 
hand, the costs of secondary treat- 
ment and sludge disposal processes 
are caused largely by users 

After costs have been allocated, 
rates and rate structures can be estab- 
lished. Property costs are usually paid 
by general property taxes, although 
front footage or area rates may be 
used. Since costs to users are based 
on both volume and strength of 
wastes, it is reasonable to base revenue 
rates on these same indices. Many 
municipalities have revenue rates 
based on volumes, but very few apply 
rates based on strengths of wastes. 
It is a relatively simple matter to ap- 
ply volume rates because the water 
departments have water consumption 
records and private wells can be me- 
tered. It is impractical, however, to 
try to determine the strengths of all 
wastes. It is more practical to estab- 
lish a service charge based on volumes 
of a so-called “normal” sewage and 
then apply a surcharge on all stronger 
wastes. Surcharge rates should be 
clearly defined. They may be ex- 
pressed by formulas, but it is simpler 
to use rates per pound of each charge- 
able constituent. 

In relatively small communities, 
agreements are often made with in- 
dustries to pay for industrial waste 
disposal costs. Payments may be in 
the form of lump sums, fixed annual 
amounts, or compensation on a per- 
centage basis. 

The important thing to remember 
is that there is a definite cost for han- 
dling industrial wastes. This cost must 
be paid for and those parties respon 
sible for financing should make every 
effort to work out equitable charges. 





Cincinnati employs a combined 
method of financing sewage disposal 
facilities. Collection sewers are fi- 
nanced by general obligation bonds, 
whereas street sewers are paid for by 
special assessments on a lineal foot 
basis. The intercepting sewers, pump- 
ing stations, and treatment plants are 
financed by mortgage revenue bonds, 
revenue for which is obtained from 
both a service charge on normal sew- 
age and a surcharge on wastes greater 
in strength than normal sewage. Both 
the service charge and the surcharge 
rates are subject to review at least 
every five years. 

Rates are the same to all users in 
the Metropolitan District regardless 
of whether or not they are in the city 
limits of Cincinnati. Charges for in- 
dustrial were determined by 
the incremental method. The addi- 
tional cost for handling wastes strong- 
er than normal sewage were calcu- 
lated. Then the annual charge for 
industrial wastes was estimated and a 
formula developed to produce the nec- 


wastes 


essary revenue. 

In connection with revenue charges, 
it might be well to point out a method 
employed by Cincinnati to encourage 
cooperation of industry. Provision 
was made in the industrial waste ordi- 
nance for agreements between the 
city and industries, whereby the in- 
dustries could obtain refunds if they 
signed agreements within six months 
after the effective date of the ordi- 
nance to install pretreatment facili- 
ties within twelve months after the 
collection of the sewerage surcharge 
became effective. The refunds were 
based on reductions of strengths of 
wastes, and applied to wastes dis- 
charged to both the public sewers and 
public waters. These special sections 
were actually bonus clauses to indus- 
try for initiating waste treatment fa- 
cilities. 


Engineering and Technical Requirements 


There are many engineering and 
technical questions to be answered be- 
fore an industrial waste ordinance can 
be established. Even though such an 
ordinance is concerned primarily with 
industrial wastes, it is necessary to 
have certain data on the whole sew- 
age disposal system. Not only must 
the characteristics of the industrial 
wastes be known, individually and 
collectively, but also the characteris- 
tics of all the other sewage discharged 
to a common treatment plant or 
plants. Having determined the char- 
acteristics of total wastes to be 
treated, it is necessary to determine 
the degree of treatment to meet efflu- 
ent or stream standards. 


After total costs of construction, 
operation, and maintenance have been 
estimated, rate schedules must be cal- 
culated to meet revenue requirements 
for the industrial wastes. In addition, 
it will be necessary to make technical 
decisions regarding admissability of 
wastes to public sewage disposal sys- 
tems. Many municipalities retain con- 
sulting engineers to work out all the 
engineering problems; others retain 
them to work with their staffs. In any 
event, it is always practical to have 
experienced engineers review the tech- 
nical plans. 

Engineering studies must include 
not only investigations of present 
wastes but also reasonable predictions 
of future ones. Topographical surveys 
should be made to determine future 
trends of industrial and residential 
growth and properly locate intercept- 
ing sewers. It will be necessary to 
gage and sample the sewage at repre- 
sentative points in the collection sys- 
tem in order to detertiine the charac- 
teristics of the wastes discharged to 
treatment facilities. Pollution surveys 
should be made on the receiving 
stream before the degree of treatment 
is determined. The question of having 
more than one treatment plant must be 
answered, as well as the types of 
treatment units. The choice of plant 
location may require considerable 
study. 

Rules for prohibiting certain wastes 
from the disposal system should be 
established at the time the ordinance 
is presented for approval, so that all 
parties concerned will understand the 
conditions. Certain wastes should be 
prohibited for four reasons: 


1. To protect the collection system. 

2. To protect the treatment plant. 

3. To meet effluent or stream 
standards. 

4. To protect personnel. 


The prohibitions may apply to the 
wastes at their source, after they 
reach the plant, or as they discharge 
from the plant. For example: acid 
wastes should not be discharged to 
sewers because of their destructive 
action on the materials of construc 
tion; excessive quantities of certain 
metal salts should not be admitted to 
treatment plants because of their toxic 
action on treatment processes ; and ex- 
cessive quantities of soluble fluorides 
should not be discharged from treat- 
ment plants because of their effect on 
dewnstream public water supplies. 
Considerable thought should be giv 
en to the rules for admission of indus- 
trial wastes to sewage disposal sys 
tems. It is not wise to adopt certain 
rules simply because they are in some 
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other ordinance. Too often these rules 
are simply hand-me-downs and may 
be out of date or non-factual. When 
they are placed in the ordinance prop 
er, they are usually expressed in gen 
eral terms. When they are placed in 
the rules and regulations, outside of 
the ordinance, they can be spelled out 
with specific numerical values. Indus 
try always wants to know the exact 
conditions of compliance. 


Requirements For Industrial 
Waste Ordinances 


The question of whether or not in 
dustrial wastes discharged to munict 
pal sewage disposal systems should be 


controlled by a general sewer ordi 
nance or a separate industrial waste 
ordinance is a matter of opinion. If an 
existing sewer ordinance 
fully cover industrial wastes, it might 
be more practical to develop a sepa 
rate industrial waste ordinance. It 
would be well to review all existing 
regulations, such as building codes, 
plumbing codes, and health regula- 
tions. These can be incorporated in 
the industrial waste ordinance or its 
rules and regulations, or they can be 
noted by reference. Many of the rules 
for use of public sewers in Cincin 
nati’s Industrial Waste Ordinance 
have been in the City Building Code 
for years. 

The question of whether or not an 
ordinance controlling discharge of in 
dustrial wastes to a public sewage dis 
posal system should be of the short or 
long form is also a matter of opinion 
Reasons have already been stated for 
believing that a short form with sep- 
arate rules and regulations has advan 


does not 


tages over a long form. Reasons also 
have been given in favor of provi 
sions, right in the ordinance, for col 


lecting revenue. 
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WHATEVER YOUR SEWAGE PUMPING 


REQUIREMENT... 


Smith & Loveless HAS A 
FACTORY-BUILT SEWAGE LIFT STATION 


WITH CAPACITIES 20 G.P.M. TO 4500 G.P.M. 


Smith & Loveless manufacture a complete line of both pump 
and pneumatic ejector type factory-built sewage lift stations. 
Built by factory experts, of the very finest quality materials, 
factory-tested and approved before delivery to the job site, 
ready to connect to power and piping. 


Everything possible is built into Smith & Loveless stations to 
provide maximum efficiency and long life with minimum main- 
tenance. Quality has been proven, over the years, by hundreds 


“WAY-O-MATIC” 


FACTORY-BUILT 


DUPLEX SEWAGE EJECTOR 





Ideal for installations 


such as sub-divisions, 
lift stations, or sewage 
treatment plants requir- 
ing capacities of 200 
G. P. M. or less. Since 
sewage does not come 
into contact with any 
part of the control sys- 
tem, the ‘‘WAY-O- 
MATIC” design prac- 
tically eliminates main- 
tenance. 


The “WAY-O-MATIC” 
may be ordered as a 
seporate unit or in a 
complete duplex lift sta- 
tion. Cutaway drawing 
shows operating cycle. 








of installations in 


over 30 states. If you have a sewage pump- 


ing problem, you'll find that the easiest and least expensive 
solution is a Smith & Loveless factory-built sewage lift station. 


Write for the Smith & Loveless 120 page Data Manual, con- 
taining engineering design notes, selection charts, dimension 


prints, typical installation drawings, specifications, and a rep- 


resentative list of installations. 


mith & Loveless 
“MON-O-JECT” 
FACTORY-BUILT 
SINGLE PNEUMATIC SEWAGE 
EJECTOR STATION 


Ideal for small installa- 
tions of 200 G. P. M. 
or less. Requires a mini- 
mum of space. Installed 
underground, elimi- 
nates unsightly pump- 
house. Completely auto- 
matic, extra large air 
storage, requires mini- 
mum maintenance. Built 
of the very finest ma- 
terials and meeting the 
same high standards set 
by all Smith & Loveless 
products. The “MON-O- 
JECT” is designed to 
provide automatic 
equipment for the mod- 
est budget. 

Cutaway drawing shows 
how the “MON-O- 
JECT” operates. 


MAKERS OF WATER AND SEWAGE TREATMENT EQUIPMENT 


Smith & Loveless, Duc. 


KANSAS CITY 15, MO. 


AMERICA’S FINEST 
FACTORY - BUILT 
DUPLEX SEWAGE PUMPING 
STATION 


Here is the most advanced design in sewage 
pumping stations. Precision assembled, pumps 
with pressurized mechanical seals, dehumidi- 
fied to prevent condensation, central electrical 
control cabinet prewired and color coded, 
protected with anodes and S&L “VERSAPOX” 
exterior coating. 


Smith & Loveless offer a complete line of 
standard size pumping stations with capacities 
up to 4500 G.P.M. Larger capacities built to 
your order. 





Smith & Loveless 


“DU-O- JECT” 
FACTORY-BUILT 
DUPLEX SEWAGE EJECTOR 


= STATION 


Most small sewage lift 
projects are served 
most economically and 
dependably by a 
Smith & Loveless 
“MON-O-JECT” single 
pneumatic sewage 
}=eejector lift station. 
~ If duplex equipment 
must be provided 
throughout, the Smith 
& Loveless “DU-O- 
JECT” duplex pnev- 
matic sewage ejector 
lift station meets the 
requirement most eco- 
nomically. 
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~\\ 


Cutaway drawing 
shows how the “DU- 
O-JECT” operates. 





ALL S&L PRODUCTS ARE PROTECTED WITH S&L “VERSAPOX” EPOXY COATINGS 


For job recommendations, d ei | 


complete specifications and 
drawings, all part of the ; 
latest edition of the Smith 
& Loveless lift station data ~~. 


P. 0. BOX 8884 i ha 


PLANT 
PRINCIPAL 


manual. = 
WRITE DEPT. 20 D 
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Sewage Pumping Station Design Principles * 


Er 


N ALMOST every new sewer sys- 
pe or expansion of an existing 
system, it is necessary to provide 
means of lifting the sewage at some 
point. In areas where the topography 
is flat or contains depressions, it is 
often less expensive to provide pump- 
ing facilities than to construct gravity 
sewers in deep excavations or through 
tunnels. 

Expansion of urban areas beyond 
existing sewer facilities often neces- 
sitates the use of pumping stations to 
discharge sewage into existing sewers 
or treatment plants. It is sometimes 
necessary when treatment 
plants are constructed in areas having 

relatively flat topography to pump 
the sewage at the treatment plant site 
to obtain gravity flow through the 
plant. Regardless of the reason for 
their use pumping stations are less de- 
sirable than gravity flow. Every 
pumping station has maintenance and 
operational problems. Operating per- 
sonnel and power are continuing cost 
items. Therefore, a sewage pumping 
station should never be constructed 
where safe, economical substitute 


sewage 


a 


will suffice. 


Types of Pumping Stations 

A sewage pumping station is a col- 
lection of equipment and materials as- 
sembled for but one purpose—to 
pump sewage. 

There are many types of pumping 


* Reprinted from Sew. & Ind. Wastes, Vol. 


28. No. 2, p. 150 (1956) 
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by RAYMOND G. MARTIN 


neering As ate, City of Los Angeles, Los A 


stations in existence today which may 
classified as follows: 

1. Wet pit pumping stations consist 
of a sump or wet well with the pump 
or pumps submerged in the sewage. In 
this type station the pump, shaft and 
supporting facilities are exposed to the 
sewage. The motor is usually located 
at an elevation above the pump and in 
most cases 1s exposed to an atmos- 
phere of sewage gases. The difference 
in elevation of the pump and the mo- 
tor requires a long shaft, which fre- 
quently is a source of trouble. The 
present trend is to avoid wet pit type 
construction. 

2. Pneumatic ejector pumping sta 
tions may be used to great advantage 
for small installations. An ejector con- 
sists of a large pot which receives the 
sewage and expels it by means of com- 
pressed air. Despite their low effici- 
ency (15 per cent) ejectors are de- 
sirable for small installations because 
little maintenance is required. 

3. Dry well pumping stations are 
the most generally used type. The 
pumps, motors and all appurtenant 
equipment are isolated from the sew- 
age and located in a dry, clean area. 
Dry well pumping may be practiced 
using: (a) constant speed pumps, 
provided there is storage to take care 
of the variations in flow; (b) variable 
speed pumps with little or no storage. 

The second method is relatively new 
and is not widely used at the present 
time. Where constant speed pumps 
are used approximately one-half of 
the station structure is designed for 
the storage of sewage. This portion 
of the station requires hard and dirty 


be 
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FIG. 1.—TYPICAL flow duration curve for sanitary sewage. 
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work to keep it clean and functionin 
properly. As a result maintenance 
personnel may neglect this work, 
which frequently causes operating 
trouble. 

In comparing the two methods of 
dry well construction, it is apparent 
that capital costs are much greater for 
construction of the storage type struc- 
ture. This is not only true because of 
the area requirement, but more so be 
cause of the additional depth required 
for storage. In either case, the receiv 
ing facilities are equal for equal flow. 
Reduction the storage areas re 
quired does not eliminate all mainte 
nance; however, it does reduce the 
quantity and some of the objection- 
able portions of the maintenance work. 

It is not the scope of this paper to 
discuss all the design characteristics 
of a sewage pumping station. A few 
general features and procedures are 
included and some design problems 
are discussed in detail. However, it is 
a responsibility of the design engineer 
to detail feature, 
piece of equipment and operation of 


ot 


consider in every 
the entire pumping station. This in 
cludes everything from the dynamics 
of the pump impeller to the color of 
the paint on the walls. 


Design Considerations 


The first phase of pumping station 
design is to make a preliminary in- 
vestigation to determine if a pumping 
station is necessary. Many trouble- 
some pumping facilities could have 
been eliminated if their necessity had 
been kept in mind. Economics is not 
the only consideration relative to fea- 
sibility of design. There are many in- 
tangibles connected with pumping sta- 
tions which must also be considered. 


Location 

Location of the pumping station is 
relatively simple in new developments, 
but in the expansion and remodeling 
of an existing system it may require 
extensive study. Both the anticipated 
and existing flow must be determined, 
since frequently the failure of a station 
can be traced to an incorrect analysis 
of the flow. Proximity to residences 
and possible odor and noise nuisances 
must also be considered. 
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INVESTIGATE THE 
METHOD OF 





ONLY GUNITE OFFERS YOU: 


GREATER STRENGTH. Due to the low water ratio of Gunite 
the structural strength is almost double that of hand poured 
Shown here is the inside of a storm sewer after cleaning cement. 


and with steel mesh in place ready for applying Gunite ; 
GREATER WEATHER AND FROST RESISTANCE. Because of its 
high density, penetration of water and other destructive agents 
are held to a minimum. 


RESISTANCE TO HEAT AND CHEMICAL ATTACK. Due again 
to high density Gunite is more resistant to alkali and acid 
attack than ordinary cement. 


LOW COST. Where the basic structure is sound, renovating 
with Gunite can be considerably less costly with no sacrifice 
in strength or permanence. 


Write direct to Pressure Concrete Company, 1555 
Helton Street, Florence, Alabama, for 48-page 
Booklet and complete information on Gunite. 


With the walls and ceiling finished the sewer takes on the 
appearance of new construction with structural strength 
much greater than that of ordinary construction methods. 


These two pictures 
give an excellent 
view of Gunite being 
applied pneumatically 
to a river lock struc- 
ture. Note that Gunite 
is applied overa 
thoroughly cleaned 
and sand blasted sur- 
face. The finished 
structure will actually 
be sounder than new. 
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"GUNITE 


CONSTRUCTION 


BUILD * REPAIR or 
RENOVATE! 


“GUNITE” IS THE MODERN METHOD (SAND AND 
CEMENT APPLIED PNEUMATICALLY) OF REPAIR- 
ING, CONSTRUCTION AND LINING: RESER- 
VOIRS — DAMS — FILTER PLANTS — TANKS 

— SEWAGE DISPOSAL PLANTS — STADIUMS 

— BRIDGES — SEA WALLS — SWIMMING 
POOLS — ALL TYPES BUILDING. 


Buildings too, such as this grain elevator can be effi- 


1555 Helton Street FLORENCE, ALABAMA ciently renovated with Gunite. 
Other Offices: Chicago, Illinois and Newark, N. J. 


This huge concrete tank has undergone a thorough clean- The finished product is now ready for many more years 
ing, with reinforcing mesh already in place, it is ready for of use and at a fraction of the replacement cost. 
applying “Gunite.” 
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TOP WATER--WATER SEALS 


The First and Finest Waterstop! 
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Years of experience with the use of 
Water Seals products in projects such 
as dams, skyscrapers, parking lots, 
swimming pools and countless others, 
give background to the opinion that 
Water Seals do amazingly well at 
their job of stopping water and are 
the finest waterstops available. Water 
Seals insure an exceptionally strong 
labyrinth bond between pours of 
concrete . . . yet one which will accom- 
modate exceptional horizontal and 
vertical movement. 


Produced by the world’s largest plastics 
manufacturer, flexible polyvinyl plas- 
tic used in Water Seals is resistant to 
age, chemical and weathering changes 
through the years. Vital Plasticizers 
won't “bleed out”... provide constant 
protection against water seepage even 
in the most critical joints. Cut or 
splice in any length. Prefabricated 
fittings also available. All Big reasons 
why you should consider Water Seals 
waterstops. 


WATE ~ 5 EALS, Inc. 


9 SOUTH CLINTON STREET 


CHICAGO 6, ILLINOIS 


Made in Canada for J. E. Goodman Sales Ltd. Toronto, Ontario 


WATER SEALS, Inc. Dept. 8 
9 South Clinton Street 
Chicago 6, Illinois 


Gentlemen: Please send me free samples and descriptive literature on Water Seals. 


NAME 








COMPANY— 





ADDRESS 





CITY 
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Finally the type of pumping station 
must be determined. Here, the engi- 
neer’s background and ability are most 
important. Consideration must be giv- 
en to a number of factors including: 
(a) the qualifications of the available 
maintenance personnel ; (b) the sewer 
system as a whole; and (c) the type 
and quality of sewage to be handled. 


Flow 

In studying the flow there are two 
primary characteristics to be consid- 
ered: (a) the flow duration curve 
(Fig. 1) or the rate of flow relative to 
time of day, and (b) the accumulated 
quantity of sewage relative to time. 
The rate of flow serves as a basis to 
size the proposed pumping station 
when variable speed pumps are to be 
used. In this case the pumps must be 
capable of handling both the low and 
high flow with proper consideration 
for weekly, seasonal and future varia- 
tions. Sizing of receiving facilities is 
also based on this information. 

The mass diagram curve (Fig. 2) 
which shows the accumulated quantity 
of flow relative to the time is used to 
size pumps, receiving facilities and 
storage required where fixed speed 
pumps are to be used. Predicted flows, 
as well as the present flow, should be 
included on the mass diagram. This 
is essential because the required stor- 
age capacity as based on this informa- 
tion will be permanent, and in most 
cannot be economi- 
cally at a later date. 

In the theory of the mass diagram 
the ordinate represents the accumu 
lated quantity and the slope of the 
curve is the rate of flow. Pump curves 
can be plotted with slopes correspond- 
ing to capacities of the pumps and 
storage facilities are plotted as fixed 
ordinates. By adjusting these to the 
mass curve, the capacities of the 
pump, receiving facilities and storage 
reservoir can be determined for anv 
desired time. This analysis presents a 
picture of the pump cycles of the 
pumping station operation. For small 
flows the mass diagram principle also 
may be applied to variable speed pump 
design. However, in large rated flow 
pumping stations the storage element 
is negligible, making this method jim- 
practical. 


increased 


cases 


Sizing of Pumps 

There are two methods of preparing 
plans and specifications for pumps. 
The first is to ask a pump manufac- 
turer to furnish a pump for the instal- 
lation. The second is to develop the 
design and to specify the conditions to 
be met by the pump. The first method 
eliminates competition and may have 
an adverse effect on the quality of 


equipment procured. This does not 
mean that the design could not be 
developed around a particular pump. 
(uality and performance, should be 
the basis for selection rather than 
brand name. Close cooperation be- 
tween the pump manufacturers and 
the engineer is essential for good de- 


sign, 


Pump Characteristics 

Figure 3 is a typical pump analysis 
for operation only, showing the system 
curves and the pump characteristics 
curve. This particular analysis was 
not for a new installation but for an 
expansion of an existing facility. This 
pumping station was operating at a 
maximum capacity of 32 c.f.s. and it 
Was necessary to provide for an in- 
crease in capacity. The total head on 
the pumps was 90 ft. This particular 
curve shows four different system 
curves and one force main curve. The 
upper system curves represent the 
total loss in the system and are equal 
to the sum of the piping losses and the 
force main The four different 
curves represent four possible opera- 


loss. 


R-351 


tions, such as 1, 2, 3 or 4 pumps op- 
erating together. This is known as 
compounding pumps in parallel. The 
wide separation between the force 
main friction curve and the total sys- 
tem curve indicates a considerable 
length of pump manifold. While this 
is not desirable, there was no way of 
eliminating this condition. 

Also shown are four pump curves 
which represent any combination of 
the four pumps compounded in paral- 
lel. The point of intersection of the 
pump curve and the system curve is 
the point at which the pumping sta- 
tion would operate if all other condi- 
tions remained equal. However, in 
actual practice this is not true. The 
system curve varies with a change in 
friction coefficient as well as changes 
in the water level of the wet well. 
Therefore, operation can be predicted 
within a range but not to a point. In 
almost all cases it is advisable to an- 
alyze the pumps for maximum and net 
average static head. 

The design points for the particu- 
lar pumps being studied are at 10,000 
g.p.m. and 6,000 g.p.m. In the lower 
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FIG. 2.—TYPICAL mass diagram for a wet well, illustrating the operation 
of the pumps. 
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FIG. 3.—TYPICAL pump analysis curves showing the system and characteristic 
curves. 
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Variable Speed Pumps 

The design is somewhat different 
when variable speed pumps are used. 
Figure 4 shows the analysis of a two 
pump variable speed installation. The 
head capacity curves plotted for 
various speeds of pump operation, In 
addition, the system curves are shown 
for one pump and for both pumps in 
operation. The system curve is not 
continuous because the first pump 
must be operating at full speed before 
the second pump cuts in. When a hor- 
izontal line is plotted from any point 
on the system curve the intersections 
of this line with the characteristics 
curves indicate the operation of each 
pump for a given capacity. 

The derivation of these 
similar to that of a conventional sys- 
tem except that there is no direct solu- 
tion to the secondary system curve. 
This portion of the curve must be 
trial and error 


curves is 


derived by means of 
computations 

While variable speed pumping is be- 
coming quite common for rated flow 
type pumping, variable speed pumps 
are not often used in multiples. The 
present trend in pumping station de- 
sign is to use variable speed pumps 
where possible 


Pump Types 


\lthough there are many makes, 
types and designs of pumps available 
a lew are satisiactory tor pump- 
ing sewage. Each pump has been de- 
signed for purpose within 
limiting conditions onl to use a pump 
for any situation for which it was not 
designed is certain to trouble. 

Where variable speed design is used 
the following methods have proven 


anly 


a specific 


cause 


satisfactory for obtaining the desired 
results: 

1. Wound rotor 

2. Hydraulic couplings. 
3 pullies with belt 


motors, 


3. Variable pitch 
drives. 

4. Magnetic couplings. 
Each of these methods gives approx- 
imately the same results, although the 
first method cannot be changed at a 
later date. Another relatively new 
method uses a pump with a built-in 
bypass for the return of excess flow. 

The pumps are one of the most 1m- 
portant parts of a pumping station. 
Therefore, it is not unreasonable to 
spend considerable time and effort in 
designing and specifying the equip 
ment. 


Pump Installation 
Sewage pumps in a dry well type 
pumping station may be installed by 
one of the following methods : 

1. Pumps with isolated motors. 

2. Pedestal mounted pumps. 

3. Close coupled pumps. 

4. Horizontal pumps. 

Methods 1, 2, and 4 may be used for 
installations of variable speed pumps. 

The use of isolated motors is the 
oldest method and is still the most 
common. The motor is isolated by 
placing it above the highest possible 
flooding level, which is usually at the 
ground line. The pump is then con- 
nected to the motor with a long shaft 
which, when not installed perfectly, 
is a constant source of trouble and 
expense. During recent years the 
trend has been to eliminate this long 
shaft. Experience indicates that flood- 
ing of the pump pit is not caused by 
storms, accidents and power failures, 
but by poor design and maintenance. 
With proper isolated motors 
are not essential for reliable opera- 
tion. 

The use of horizontal pumps is con- 
sidered best for ease of maintenance 
and installation. However, larger floor 
areas are required in the pump room 
and this adds to the capital cost of 
the pumping station. 

To complete the design of the dry 
well portion of the pumping station 
provision must be made for all sup- 
plementary equipment necessary to 
proper operation and maintenance of 
the station. This equipment may be 
classified according to the following 
groups: 

1. The piping system includes 
valves and supports, taps for gages, 
drains and flexible couplings. Sub- 
stantial bases and flexible couplings 
should be provided to prevent trans- 
mission of pump vibrations. Flexible 
rubber fittings are now available 


design, 





Whether in Standard Products 


or Custom Fabrication ... 


ALUMINUM EQUIPMENT 


Will Meet Your Most EXACT Specifications 


George H. Hill, Washington Aluminum Co.'s 
New England Re ee points out 
patented perforatio rn in Washington 
Aluminum Co.'s fab cated walkway. 


Stop Gates, Trash Racks and Hand Rail- 
ings of non-corrosive aluminum, specially 
fabricated by Washington Aluminum Co. for 
trouble-free service. 


Aluminum Checkplate Manhole Cover. Note 
the Aluminum Ladder. 


TYPICAL EXAMPLE IS THE MODERN NEW 
CLINTON, MASS. SEWAGE TREATMENT PLANT 


The Clinton, Mass., Sewage Treatment Plant is typical of an aluminum installa- 
tion fabricated by Washington Aluminum Co. for use where long-range dura- 
bility, sanitation and maintenance-free service are desired. 


The aluminum walkways, gratings, hand railings, manhole covers, ladder rungs, 
stop gates, trash racks and stairways of the Clinton Plant illustrate Washington 
Aluminum Co. precision fabrication and quality control to meet the most exact 
specifications. 

Today, an increasing number of water and sewage installations are benefitting 
through the experience and specialization in aluminum fabrication—including 
exclusive Heli-Arc and Sigma welding techniques of the Washington Aluminum 
Company. 

Our experienced engineers and custom-fabrication facilities are at your 
disposal. Write us today about designing and fabricating aluminum equipment 
to your exact requirements. 


R. ZOPPO CONSTRUCTION CO. GROISSER & SCHLAGER 
Prime Contractor IRON WORKS 
Sub-Contractors 


METCALF AND EDDY 
Architects and Engineers 


For Prices, Data Sheets, etc. And The 
Representative In Your Area, Write The 


WASHINGTON ALUMINUM CO., Inc. 


CANADE DEPT. 21 BALTIMORE 29, MARYLAND 
PHONE: CIRCLE 2-1000 


Above: Settling basins and drying beds of the modern new Sewage Treatment Piant 
at Clinton, Mass., showing maintenance-free aluminum railings and walkways con- 
structed by Washington Aluminum Company. 
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BORDEN MANUFACTURES EVERY TYPE FLOOR GRATING 


IN STEEL, STAINLESS ALLOYS AND ALUMINUM 


@ EASY TO INSTALL — engineered in conveniently sized units for easy installation. 
@ EXTRA STRONG —reinforced, designed with maximum safety factor. 


LIGHT WEIGHT = —approximately 80% open, reduces dead weight, allows greater 
live load. 


— creates greater safety, economy of maintenance, no sweeping or 


SELF-CLEANING washing required. 


BORDEN METAL PRODUCTS CO. 


Write for complete | Gentlemen: 
information on BORDEN | Please send me BORDEN Catalog 
All/Weld, Pressure Locked, and Riveted Floor | NAME 
Gratings in this FREE 8-page catalog j TITLE . 
| COMPANY NAME 


BORDEN METAL PRODUCTS CO, | =~ 


867 GREEN LANE Elizabeth 2-6410 ELIZA | CITY AND STATE 
SOUTHERN PLANT—LEEDS, ALA. — MAIN PLANT UNION,” " y's 
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which have sufficient strength and life 
to be satisfactory for sewage pump- 
ing. 

2. A priming system for the pumps 
is essential where continuous auto- 
matic operation is intended. This may 
be accomplished conveniently without 
the use of special priming equipment 
if proper consideration is given to op- 
eration and arrangement of equip- 
ment. Interconnecting the pumps in 
priming and air release systems must 
be avoided. 

3. Access to the equipment should 
be given careful consideration since 
it is customary lor an operator to 
service the station alone. All hazards 
should be removed by design and not 
by experience. Hatches and doors 
must be sized for the removal of all 
equipment and hoisting equipment 
provided for the handling of heavy or 
massive equipment. 


Pump Controls 


Where automatic operation is pro- 
posed the heart of the pumping sta- 
tion is the controls. lf the controls fail 
to respond to flow or liquid level 
changes the entire station fails. 
Among the many types of controls 
presently available are the electrodes, 
the floats, the air bubbling systems, 
the electronic and radar systems, and 
the flow meters. 

All controls require some mainte- 
nance tor continuous sattsiactory op- 
eration. Normal sewage contains 
solids, grease and rags, which cause 
clogging, shorting and fouling of the 
controls. To keep the controls in op- 
eration it is necessary to clean them 
frequently and in some locations this 
may be as often as twice a day. Clean- 
ing and servicing controls is a dirty 
and expensive job. Therefore, every 
consideration should be given to the 
design and selection of controls in an 
effort to eliminate cleaning costs. 

The electrical system of a pumping 
station is similar to that of any indus- 
trial installation, except that portions 
of a pumping station are often sub- 
jected to hazardous conditions caused 
by the sewage atmosphere. In some 
locations this requires the use of ex- 
plosion proof fixtures. 


Receiving Facilities 


The receiving portion of a pump 
ing station consists of a structure and 
equipment to receive, control, screen 
and store the sewage. In a rated flow 
type pumping station little or no stor- 
age is provided. With this one excep- 
tion, the required receiving facilities 
are the same for either type of dry 
well construction. 


3 
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SYSTEM, CURVE 


~ 
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1600 
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FIG. 4.—TYPICAL analysis of a two-pump variable speed installation. 


The pumping station, depending on 
size, should be provided with a con 
trol gate, sand trap, diversion gates, 
bar screen and either a grinder or a 
comminutor. In addition, pump suc- 
tion connections, stilling basin and 
hose bibbs for cleaning should be in- 
corporated in the design. 

The inlet sewer should always be 
provided with a gate valve or sluice 
gate to stop the flow of sewage for 
reasons of maintenance and emergen- 
cy. Frequently this control is located 
in a manhole near the pumping sta- 
tion. When possible the inlet sewer 
should be provided with an overflow 
or emergency bypass. 

When the pumping station is of suf- 
ficient size the inclusion of a sand trap 
may be warranted. Normally a 6-1n. 
to 8-in. depression in the influent 
channel is sufficient. This prevents 
the accumulation of sand in the wet 
well where it is difficult to remove. 

Bar screens are necessary regard- 
less of the use of automatic grinders. 
Provisions must be made for cleaning 
these screens and removing the screen- 
ings from the station. When an auto- 
matic grinder is provided the inlet 
channel is split following the sand 
trap to provide for both the grinder 
and a bar screen. Experience shows 
that grease is now beginning to cause 
trouble with grinders. Manufacturers 
of this equipment should be consulted 
concerning the particluar feature of 
their units. 

Sewage from the bar screen and 
grinder should not discharge so that 
it causes violent turbulance in the 
storage area. This turbulance is unde- 
sirable since it causes the liberation of 
dissolved from the sewage, 
particularly hydrogen sulfide. 

The stilling basin or storage reser- 


gases 


voir is where the sewage is stored for 
constant speed pumping and where it 
is allowed to become quiescent before 
pumping in a rated flow pumping sta 
tion. It 
pump controls are located. 

Ventilation is essential before any 
person can enter an active wet well. 
In many installations ventilation is a 
constant problem. If the wet well is 
not ventilated it is unsafe for opera- 
tors to enter; if it is ventilated local 
residents complain of odor nuisance. 
Recent tests made by the city of Los 
\ngeles, Calif. indicate that a 5 min. 
air change is both sufficient and desir- 
able, provided the atmosphere enter- 
ing through the inlet sewer is includ- 
ed in the quantity to be exhausted. 


is also in this area that the 


Other Considerations 

Once the capacity and characteris- 
tics of the pumps have been deter- 
mined, all other hydraulic features of 
the station can be designed. The force 
main is designed as a pressure pipe 
based on pump capacity. Air pockets 
either should be avoided or provision 
made for the release of air or trapped 
gases. 

The appearance of the 
ground pumping station structure and 
the landscaping of the grounds should 
not be neglected. Structures and land- 
scaping that blend with the contem- 
porary features of the surrounding 
area are essential if the pumping sta- 
tion is to be accepted in the neighbor- 
hood. For large pumping facilities 
provision should be made for operat- 
ing personnel and visitors. 

Pumping stations are normally de- 
signed for a life of 40 to 50 years. 
With good engineering design they 
should satisfactorily serve for this 
period. 


above 
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you save money SIEVIEEN WAYS 
with longer, stronger AMVIT Clay Pipe 


Outstanding Mechanical Joint 
on pipe 4 feet long or over 
Available in 4" through 24" diameters 


More than 200 major installations have been completed with outstanding 


results since Amvit Jointed Clay Pipe was introduced in 1955. 


Such pioneer cities as Ann Arbor, Michigan, Dayton, Ohio, Camden, New 
Jersey have installed their second and third Amvit sanitary lines. 


. * 
A mechanical joint designed for quick, low-cost installation, Amvit will 


give you lower cost-in-place. Here’s how: 


QUICK INSTALLATION SAVES 
LABOR 
No other materials 
such as caulking, 
joint compound, hot 
pots, or ladles are 
needed to make the 
Amvit joint. The 
joint is on the pipe 
delivered to the job 
ready for use. Just 
push the pipe together and the joint 
is complete. 


2. IMMEDIATE BACKFILLING 


can backfill as 
soon as the line is 
completed. Barri- 
cades can be removed 
and streets opened 
days sooner 


a/ 


ty You 
7 


3. QUICK TESTING 


No need to wait days to see if a line has 
passed test. A look at the completed 
joint will tell. Thus, engineers can in- 
spect and accept the line allowing the 
contractor to receive payment quicker. 


4. CONTROLS INFILTRATION 


Field tests from completed installations 
show that infiltration can be definitely 
controlled. Engineers can, thus, reduce 
infiltration specifications, use smaller 
diameter pipe and save in material cost. 


5. roor proor 


Amvit is a compression joint on the ball 
and socket principle. The surfaces of 


*T. M. Registered. Patents Pending 


both bell and spigot 
are in uniform com- 
pression preventing 
root penetration. 


j li 
Cay” 
mn a? 
d 6. BETTER FLOW, 

LESS MAINTENANCE 


The design of the joint assures that the 
pipe is self-centered at all times. This 
gives perfect alignment and self-cleans- 
ing. Because the joint is really tight, no 
foreign matter such as dirt, sand and 
stones can possibly enter the line. 


(7. comp.ete Fittincs 


Amvit is furnished 

on all standard 

fittings, as well as 

pipe. This will per- 

mit a uniformly ~ 
tight line from 

house wall to treat- 

ment plant. 


Amvit Jointed Clay Pipe, in sizes 4” 
through 24” together with all fittings 
is available for immediate delivery in 
the Northeast and Central States. 


For more information on how Amvit can 
help cut your sewer project costs, write 
or call American Vitrified Products 
Company, National City Bank Building, 
Cleveland, Ohio, or our office nearest 
you. 


SINCE 1900 


American Vitrified 
Products Company 


MANUFACTURERS OF: Clay Pipe, Five Liners, Cloy 
Liner Plates and Concrete Pipe. 


Plants Across the Nation + + + Brazil, indiana - Chicago, Illinois - Cleveland, Ohio - Crawfordsville, Indiana - Detroit, Michigan - East Liverpool, Ohio 
Fenton, Michigan - Grend Ledge, Michigan - Lisbon, Ohio - Los Angeles, California - Milwaukee, Wisconsin - South Bend, Indiana - Uhrichsville, Ohia 
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Transit Crane for Water 


~ ROWING pains are common to 
many American Communities 

young and old alike—in a rapidly 
expanding industrial age. As a small 
village or town grows in population 
and area, public officials are con- 
fronted with the difficult problems of 
providing additional utilities, building 
new roads, etc. 

Among such blooming villages is 
the Town of Tonawanda, just a few 
miles north of Buffalo, N. Y. It lies 
at the easternmost juncture of the 
fonawanda Channel which, with the 
Chippewa Channel on the west, splits 
the Niagara River to circumvent 
Grand Island before spilling over fa- 
mous Niagara Falls. 

Not the least among the town’s 
present problems is that of meeting 
water demands of both domestic and 
industrial users. 


by DANIEL J. CONLON 


eC S uth Miiwaukee, W 


Bucyrus-Er 


mpany 


The Town of Tonawanda is an in- 
dustrial center whose residential areas 
have mushroomed due to a heavy in- 
flux of skilled laborers. As a forward 
step in solution of one of their city’s 
expansion problems, officials have un- 
dertaken an extensive program which 
includes building of a new intake into 
the Niagara River, a new pumping 
station, and a new water treatment 
plant. 

In conjunction with additions to 
the water supply system, a new trans- 
mission main was required. The $830,- 
000 contract to put in a 6.25-mile long 
feeder main pipeline system from the 
treatment plant to city users was let 
to M. A. Bongiovanni, Inc., General 
Contractor, of Syracuse, N. Y. 

The contract covered a route in a 
northeasterly direction, much of it 
along busy Sheridan Drive in sub- 


Main Jobs 


urban Buffalo. A major portion of 
the work involved ordinary trenching. 
However, state legislation—affecting 
a portion of the work—made this a 
tough assignment. Tunnel work was 
required under all railroad crossings 
and county and state highways where 
open cutting is restricted by law. The 
new transmission main crosses 15 to 
20 such intersections, and 900 lineal 
feet of underground boring was nec- 
essary. All intersections were kept 
open during boring operations. 


Tunnel Work 

The first and longest of the tunnels 
required on this contract was located 
at the Kenmore Avenue - Sheridan 
Drive intersection. Railroad tracks, 
running parallel to Kenmore, necessi- 
tated a tunnel drive of 104 feet. Cas- 
ing here consisted of three sections— 


Traffic flows freely along intersection near Tonawanda, N. Y. as truck crane cleans out around tunnel borer 
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INEXPENSIVE l-yd bucket was filled and dumped by hand because loose clay being removed was usually in areas inaccessible 
to clamshell bucket. Note adjustable steel braces for 12-ft deep pit providing working space for horizontal auger 


two 40-ft and one 24-ft weld-jointed 
units. The casing was 48-in. OD x 
3/16-in. wall steel. Both 30-in. diam- 
eter Lockjoint 
cylinder pipe and 20-in. diameter me- 


pipe 


prestressed concrete 


chanical joint cast-iron were 
used 


Ka-Mo 


horizontal earth auger, powered by a 


For this type of work, a 
I 


53-hp International gas engine, was 


to bore out the tunnel and at 
the same time drive the casing under 
the intersection. Two 12 x 12-in. x 24- 
ft long timbers, bridging the boring 
pit at the head end of the tunnel, 


acted as a deadman for winches which 


used 


pulled the casing into the bank. 


The boring machinery was based in 
a wide trench about 12 feet deep, the 
base of the tunnel being about the 
depth 


method was 


under the road. This 
followed on each of the 


However, the standard 


same 


intersections. 
trench along 95 per cent of the line 
was only 6 feet in depth. Most of the 
assigned to one of 


trenching was 


Bongiovanni's dragshovels. 
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Trenching 

Excavation figures are not avail- 
able. Superintendent John C. Taggart, 
in describing the activity, explained 
that yardage is relatively unimportant 
in this type of work as most of the 
dirt was put back on the pipeline. The 
material was mostly clay with occa- 
sional boulders. 

\lthough trenching was handled by 
conventional hoe equipment, a vari- 
ety of work around the boring opera- 
tion, plus maintenance assignments 
along the line, were handled by a new 
Bucyrus-Erie 22-B Transit Crane, a 
25-ton carrier-mounted lifting crane. 

The mobile crane was used wher- 
ever the need arose, including rear- 
ranging pipe, setting in valves and 
pipe, and cleanup work around valves 
and pipes from one end of the line 
to the other. It also was used to clean 
up around the boring machine, where 
it occasionally was necessary to free 
the casing of loose clay deposited 
from the cuttings and from minor 
slides along the trench wall. 

For this latter work the crane was 
fitted with a l-cu yd tilt-bucket, which 


was lowered into the hole, filled by 
hand shovel with clay from inacces- 
sible areas under the casing, then 
raised and dumped to the rear of the 
trench. Excavation of the work area 
also was handled by the Transit 
Crane, equipped with 34-yd clamshell. 

In addition, the crane was used as 
a supporting and leveling device for 
the auger. After lowering the 5-ton 
boring machinery into the trench it 
assisted in keeping the auger level to 
prevent sliding up, down, or side- 
ways, and to minimize binding along 
the trench floor, which was spot lined 
with 12 x 12-in. timbers. 

For this work, the crane was 
equipped with a standard short boom, 
30-ft long without inserts. This was 
advantageous in short, heavy lifts and 
for working near intersections where 
low overhead wires, etc., were fre- 
quent problems. A boom angle indica- 
tor, located on the boom, varied from 
30 to 60 degrees through most of this 
job. 

The crane operator is George A. 
Chaffee who has had 44 years of ex- 
perience on cranes and draglines. 





Cutting Large Diameter Cast-Iron Pipe 


NLY THE OTHER DAY, with 
pipe to cut—too much pipe to cut 

a foreman reported that our pipe 
cutting machines were both busy. The 
suggested solution was to cut it with 
diamond points—as of “yesterday.” 

Only a very few years ago this sit- 
uation could not have existed ; the cut- 
ting would have been done by dia- 
mond point and no questions asked. 
Subsequent to that period was the era 
during which the foreman’s cry was 
“We don’t want that new fangled ma- 
chine, we can do the job quicker with 
diamond points.” The other day, just 
with the suggestion of “diamond 
pointing” the reaction was quick and 
emphatic : “That’s a lot of work! It'll 
take all day!” 

The cutting of large-diameter cast- 
iron pipe has, until recently, been one 
of the most unsatisfactory operations 
in the construction and repair of water 
mains. Here in Portland, consider- 
able thought and a good deal of money 
has been spent in recent years with a 
view to improving this situation. We 
have now arrived at the point where 


rintendent of the Portlar 


by J. P. HENNINGS 


J Water $y 


nearly all cuts, both in the ditch and 
on top of the ground, are made with 
pipe cutting machines. We feel it is 
far safer than either cold cutters or 
use of the “diamond-point-and-bust- 
out-with-a-sledge”’ method. Time con- 
sumed is short, and when you 
done you have cast-iron pipe left, not 
scrap iron. 

On the smaller sizes (2 in. through 
12 in.) either knife-type ratchet cut- 
ters or wheel-type cutters are used, 
with more of the knife-type being 
used on the 8 in. to 12 in. pipe. On 
the 2 in. cast-iron pipe cutting is done 
with a regular three-wheel cutter. But 
when it comes to cutting the larger 


+ 
get 


sizes of pipe we really go overboard. 
We bought a pipe cutting machine a 
couple of years ago and found that it 
above ground or under- 
almost anywhere you can 


cuts pipe 
ground or 
find about 18 inches clear along the 
pipe and you can get about 18 inches 
of hole around the pipe. The one ma- 
chine cuts all sizes from 10 in. to 48 
in., inclusive. 


Of course, it is understandable that 
we didn’t just up and buy this ma- 
chine without considerable meditation 
and soul-searching, not to mention 
more practical considerations (such as 
justifying the expenditure to the 
lrustees of the District) after dem- 
onstrations had indicated the desir 
ability of ownership of the machine. 

It came about this way: we had 
quite a number of cuts to make in 
connecting the new Sebago Lake in- 
take into the existing system. Space 
and time were limited. Shut-downs 
could be made only on Saturday 
nights, so 30 in. and 42 in. fittings 
had to be done literally “overnight.” 
Both limited space and time seemed to 
make hand cutting impossible. 

We heard of a machine that would 
cut pipe at the rate of one minute per 
inch of diameter, but we didn’t have 
a machine and we weren't sure enough 
that it would do all that was claimed 
for it to venture the seemingly high 
investment. Water works men all 
know how it is. Often you haye to 


TYPICAL pipe cutting jobs with the new cutting machine 
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and do a job, al 
t be 100 per cent cer 
g it will take or just 
You just hope 
all worry about 


make a shutoff 
though you cal 

tain as to how lor 

how it will go toge ther 
it will We 

downs. But 

ywn the only supply line 

ity of 150,000, without 

) the 
or of the time neces 
we nearly had ner\ 
worrying about it 

didn’t take too much 
inch 

was 


when we 


l success of the 
method, 
r the work. 


stration 


minute - per 
which 


STOCK 1! 1 one 


liamete utting rate 


( laim< d 


So, We Just Rented A Machine 

ing 42 in. pipe in 42 

we had to 

we arranged to rent a 

rate of one dollar per 

found that it did not 

in as short a time as 
took almost 45 mi 

rented machine we got 

and the new 
plenty of time 

ide several 42 in 

ones before we got 

tal bill. The bill ap 

De¢ something over three 

It seemed 

id figured on paying pert 


go ahead 


connec 


cuts 


ve had expected 
ter cut and the bill was 
the basis of inches of cir- 
! This must have been ir 
int somewhere 
point it became apparent 
vould be quite werth-while to 
wn a cutting machine. So, 
our first machine in De 
then 
cuts made 


1952 here is a 


with our 


since 
of the 


the first three vears 


Pipe Cuts 
20 in 16 
36 in 

42 in 3 
48 in : 


rental cost of a ma 
all these 


diameter 


cuts, even 
instead of 
it comes out to almost 
nore than the cost of 
only three vears Fig 
; of circumference we 


d by buying three 


Soon Found Ourselves 
Owning Two Machines 
After three years of very satisfac- 
of the Wach’s “Pipe 
W uve recently purchased a 
second IT nine The 
German-made machine, now sold in 
this country. Both machines operate 


new one is a 
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NEW pipe cutting machine being given a yard trial 


on the same general principle. The 
German machine is, however, much 
lighter in weight, eliminating the use 
of hoisting apparatus, as two men can 
easily set it on the pipe or remove it. 
Both machines are powered by air 
motor. Both crawl around the pipe, 
while a small circular saw cuts 
through the pipe wall in a single pass 
around the pipe. One possibility of 
trouble with both machines is the like- 
lihood that, upon travelling the cir- 
cumference of the pipe, the machine 
may not return to exactly the original 
point of beginning. This is readily 
avoided, however, if reasonable pre 
cautions are taken 
Since all new cast-iron pipe laid in 
‘ortland is cement lined, all saw 
blades are bought with carbide tips 
Many cuts are made before blades 
must be re-sharpened. Cost of sharp- 
ening is small; and, barring accidents, 
is very inirequent 
\s in cold-cutting, the pipe should 
be well blocked on both sides of the 
cut to support it. Also, it is important 
that the wedges furnished be inserted 


the saw kerf to eliminate binding 


This is particularly true if carbide 
tipped blades are used, as binding will 
lift the carbide inserts right out of 
the blade. Particular care must be 
taken as the cut is being completed. 
to see that the severed pipe does not 
kick and bind the saw or even harm 
the machine itself. 

With these few precautions, the 
two “pipe saws” have proven ex- 
tremely satisfactory. Among the ad- 
vantages are sure-fire quick cuts, ac- 
curate cuts to exact length, safe cuts, 
no cracked pipe, simple to operate al- 
most anywhere, and the easiest pipe 
cutting yet. As mentioned before, the 
cost of the machines is easily justified 
if any cutting of large pipe is to be 
done. Added to this are further bene- 
fits arising from cutting down of labor 
cost and the minimizing of the spoil- 
age of pipe. 

So, in Portland you have to dig 
deep to find the old cold cutters and 
then you are faced with the problem 
of finding anyone to use them. This is 
what you hear: “Let’s wait until the 
machine gets back from the other 
job!” 


SETTING and adjusting the machine—then, a minute of operation per inch of diameter 
and the job’s done 





VIII. TECHNICAL DATA SECTION 


N THE FIELD of water supply 

and sewage disposal, the engineer, 
the superintendent, the chemist and 
the operator all must have 
knowledge of certain basic and applied 
sciences. Of particular importance are 
bacteriology, chemistry, hydraulics 
and mathematics ; of lesser importance 
limnology, 


some 


' : 
geology, 


are hy drok eV, 


etc, 


Why These Sciences Are Important 


In water supplies, bacteria are un 
desirable. They may be the source of 
disease, the cause of tastes and odors, 
or a factor in corrosion. Their elimi- 
nation or control is an essential part 
of water purification. In sewage treat- 
ment, bacteria may be useful or harm 
ful. In the oxidation processes of sec 
treatment they are vital 
are in the 


ondary 
participants, just as 
anaerobic digestion of sewage sludge. 
In both and 
anerobic processes) environmental 
conditions must be carefully con- 
trolled to obtain the optimum desired 
activity of these organisms. 

Other bacteria in 
so desirable, they 
or produce corrosive conditions or be 
the cause of pollution of water sup- 
plies. It is for the purpose of pre- 
venting these undersirable 
activities that disinfection is practiced. 

Chemistry is important to both wa- 
ter and sewage works operations, not 


they 


instances, (aerobic 


sewage are not 


may cause odors 


any of 


only because laboratory control in 
volves chemical analysis but also be 
cause the treatment them 
selves involve chemical reactions. x 


pre CESSES 


amples are water coagulation, soften 
ing, chlorination, oxidation of organic 
matter in and the digestion 
of sludge. 

Hydraulics and hydraulic engineer 
ing are the fundamental basis of the 
control of flow of fluids. In water 
and sewage treatment, flow measure 
ment, flow and pressure control, as 
well as pumping all involve hydrau 


sewage 


lics. 

No one can question the importance 
of mathematics in modern life and 
certainly it is essential to every 
science and to the operation of any 
plant. While higher mathematics is 
useful in many calculations, it is not 
essential to all water and 
works operations, but a working 
knowledge of arithmetic, algebra and 


sewage 


geometry is necessary. 


Technical Aids 


Not every field of 
water supply and sewage treatment 
has had or can have a complete knowl 
all these basic sciences, and 


person in the 


edge of 
for those persons there are many tech- 
nical aids and short cuts which are of 
great help in applying these sciences 
to operating problems. Even persons, 
who are well grounded in the sciences, 
find need and use for these “tools”. 


\mong these technical aids to the 
application of these sciences are math 
ematical and chemical tables, charts, 
nomographs, graphs, mathematical 
formulas. These various “tools” may 
be used to solve all kinds of problems 
of operation, including chemical dos- 
.ge, disinfection, bacterial counting, 
flow measurement and control, distri- 
bution system operation, pumping, 
laboratory operation and, of course, 
mathematical calculations of all kinds. 
Naturally not all of these graphs, etc., 
can be included in one issue, but the 
following section and similar sections 
in previous Reference and Data Num- 
bers contain a number of these im- 
portant aids. Also this section may 
in some issues contain basic articles 
on how to handle these various short 
cuts and technical aids and what uses 
to make of data collected during the 
operations of a water supply or sew- 


age disposal works. 


References 


In addition to having these tech- 
nical aids available, every water and 
sewage works office should have a 
technical library. Such a library 
should be geared to the needs and op- 
erations of the particular plant. Per- 
sons in charge of such operations 
should consult the list of reference 
books appearing in Section I of this 
and previous issues of the Reference 
and Data Number. 
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Physical Constants of Water 


T HE ACCOMPANING TABLE Property Condition Constant 


shows the basic constants fort 





various physical properties of water 
The importance of temperature to 
many of these properties is evident 
from the data in the table 

he presence of dissolved or sus 
pended substances in watet 
change several physical constants, 
depending on the concentration of 
substances. Dissolved matter will in 
crease the density of the liquid, raise 
its boiling point, lower its freezing 
point and decrease its compressibility 
Dissolved matter may or may not 
lower the viscosity of the water de 
pending on the substance, but gen 
ll 


erally will lower the vapor pressure 


Dissolved matter will increase the 


| 
electrical 


conductivity of water 11 
these substances ionize: inert gases 
have no effect on conductivity. Sus 
pended matter, especially if finely 
divided or gelatinous (hydrous) in 
ill increase the apparent den 
f water carrying these sub 
stances 
Compressibility, density and visco 
sity are the most important physical 
properties in relation to the trans 
portation, distribution and measure 
ment of flow of water. The practical 
ly incompressible nature of water has 


bearing on the pump 


an important 

ing, measurement and distribution of 

water 

ign and operation of pumps 
flow meters are affected by the 

factor of compressibility. The volume 


cise h: 


that introduced, regard 


irged from a system 1s 
ss Of pressure due to fri 

the two points It is this 

continuity quantity that is funda 
mental in the measurement of flow 
Density and viscosity affect the hy 


draulic properties of water, especially 


NNDNDADDAD|ADADADA 


where motion, or resistance to it are 
concerned. Both appear in the Rey 
nolds Number formula as it applies 
to flow and both are important factors 
in pumping and flow measurement 
0.8975 
0.8039 
0.5494 centistc 


0.2838 centist 


Vapor pressure also affects pumping 
since it reduces the suction lift of 


pumps 


NNANDANDANDADADDNDO 
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Equivalent Pipe Size Nomograph* 


ANY excellent nomographs have 

been published for determining 
the friction head and velocity in water 
pipe lines. For a single pipe size and a 
given length of pipe, the calculations 
are simple but where more than one 
size is involved (series or parallel 
pipes) the work involved may be 
quite complex and often tedious. 

To simplify such calculations the 
“Equivalent Pipe” method is often 
used. With this method one enlarges 
or reduces some or all the pipes and 
combines them into a single pipe 
which has “equivalent” hydraulic 
characteristics. From this point on the 
equivalent pipe may be used instead 
of the actual pipes for calculation of 
the head loss and flow rate of the net- 
work, thus greatly reducing the work 
in solution of the problem. 

The accompanying chart contains 
two nomographs, one to use for Series 
Pipes and one to use for Parallel 
Pipes. The Series Pipe nomograph 
uses three vertical lines, (H) for head 
loss, (d) for diameter of pipe, and 
Length. The Parallel Pipe nomograph 
also uses three vertical lines (Q) for 
gpm or cfs, (d) for diameter of pipe, 
and Length. Both use the same ver- 
tical line for Length. For a given 
problem, when using the chart for 
either series or parallel pipes use 
ONLY pipe diameters to the left, or 
to the right of the vertical line for 
(d), do not interchange in any one 
problem. Two ranges of (Q) are 
shown, 250 gpm and 500 gpm, for 
the Series Pipe (d) and two ranges 
are shown for (H) of 10 ft and 50 
ft for the Parallel Pipe (d). This 
allows the user to choose values of 
(d), one side or the other, which 
better fits the problem and enlarges 
the useful range of the chart. 

Single Pipe Equivalents 

Many hydraulic problems occur 
where it would be convenient to 
change just one pipe to an equivalent 
pipe which would be of the same size 
in diameter as the rest of the pipes in 
that group, either series or parallel 
or even more complex. This may be 
done quickly by means of the Series 
Pipe nomograph of three vertical lines 
marked Series and Length. Connect 
the actual length and diameter and 
find (H). Holding that (H) connect 
(H) and the desired diameter of the 
equivalent pipe and find the new 


* The nomographs are based on a ( 


Value of 100 


by PAUL M. ALBERT 


Consulting Engineer, Ann Arbor, M 


equivalent Length. This size and 
length being the equivalent pipe it 
may be substituted for the actual pipe 
for further analysis. 
Series Pipe Equivalents 

As above, find (H) for each pipe 
in the series, add each to find the total 
(H). Connect the total (H), the de- 
sired diameter and find the new 
Length. This is the length and diam- 
eter of the “Equivalent Pipe” which, 
for computation purposes, greatly 
simplifies further calculations. 
Example-1. Given three pipes in series 
as shown: 


Using the Series Pipe nomograph lines 
Length OQ Find H 
600 ft S00gpm Sit 
300 ft S500gpm 10 ft 
800 ft S0Ogpm 2ft 

total 17 ft 


Pipe Size 
A-B 8in 
3-C—. Gin. 
C-D 10in. 
A to D 
Assuming that an 8-in. diameter pipe 
will be suitable for the equivalent 
pipe, hold 17 ft for (H) and connect 
to 8-in. for (d) and find the length 
to be 1900 ft. This is the size and 
length of the equivalent pipe which 
may now be used for further calcula- 
tion in place of the actual pipes. 
Other diameters could have been 
selected for the equivalent pipe and 
the length would also change. If the 
whole length of the series, 1700 ft 
actual, had been used to find the 
equivalent diameter, the diameter 
would usually fall somewhere between 


600 ft 


300 ft 


the nominal pipe sizes and therefore 
would be less easy to use. 


Parallel Pipe Equivalents 


Similar operations are performed 
to find an equivalent pipe for parallel 
pipes and just as simply. Example-2, 
Given two pipes in parallel as shown: 


Using the Parallel Pipe Nomograph lines 


Length H Find Q 
1600 ft 10ft 200 gpm 
800 ft 10ft 630 gpm 
total 830 gpm 


Pipe Size 
ABCD 6 in. 
AD 8 in. 


Both pipes 


Assuming the diameter as 8-in for 
the equivalent pipe, connect 830 gpm 
and 8-in.-diameter and find the length 
to be 480 ft. This is the equivalent 
pipe and the head losses at other flows 
is easily calculated. 


Series-Parallel 


If, in the example of parallel pipes, 
one of the parallel pipes were to be 
three pipes in series (say as in the 
example of series pipes) the chart 
provides an unusually rapid means 
of simplification. Find the equivalent 
pipe for the series of three pipes. Use 
the series equivalent pipe and the re- 
maining parallel pipe as two parallel 
pipes and find the parallel equivalent 
pipe. This is the equivalent pipe for 
the series-parallel group and further 
computations of friction and dis- 
charge through this network is simple. 


800 ft 





8=in. 


B 6ein. 


’ 


c 10-in, D 


EXAMPLE 1 for pipes in series 








6<in 800 ft 


AL Bein 800 ft 


- 
' 








EXAMPLE 2 for pipes in parallel 


Where other (¢ 


values are to be used but all pipes have identical C-value the chart 


may be used without regard to the C-value and when the equivalent pipe is found it may then be evaluated in terms of the correct 


C-value 


or head loss at other flows than those contained in the nomographs. 


Two equations in terms of H and Q are provided on the chart which may be used to compute flows at other head losses 
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How to Collect, Store and Use Data 


by JAMES M. SYMONS and GEORGE E. SYMONS 


» at Mass. Ir Tech. Cam 


HE OPERATION of water 

treatment, sewage disposal, gar- 
bage incineration, and industrial 
waste plants involves the collections, 
storage, and use of numerical data. 
Data must be recorded. Attempts to 
correctly remember masses of data 
will lead only to error. To be of 
any value in operation, data must be 
compiled in a manner which is use- 
ful for operational control. 

Data must be collected to meet 
legal requirements or to satisfy the 
directives of municipal officials but 
of what real value are piles of dusty 
books containing records of years 
ago? It is not suggested that every 
piece of data collected must be put to 
daily use in order to be worth col- 
lecting. It is suggested, however, that 
much of the data collected could be 
used to help an operator with his 
daily work, whereas it is merely filled 
“for future reference” because the 
operator is not always familiar with 
all of the mathematical tools avail- 
able to arrange the data in useful 
form. 


A Basic Question 

As one approaches the subject of 
data utilization, specific questions 
may be asked such as: Of what use 
is a pie chart ? How does a line graph 
differ from a bar graph? What is a 
nomograph? etc. Before answering 
such questions it is desirable to an- 
swer a more general, but fundamental 
question—how do I use data? 

The first step in preparing data 
for use is to decide what information 
is of interest; for example: Pounds 
of alum to be added related to flow, 
turbidity of influent related to rain- 
fall; on what is the maintenance dol- 
lar spent?; dissolved oxygen in the 
aeration tank related to hours of the 
day, and so forth. The second step 
is to collect the specific numerical 
data needed. Comparison of these 
data with the outline given below 
will show whether a table, chart, dia- 


*Dr. Symons is now Exec., Vice Pres. and 
Editorial Director of Scranton Publishing 
Co., Inc. 


gram, graph or nomograph will pre- 
sent the data in the most useful man- 
ner. Finally, the appropriate mathe- 
matical tool should be employed. 


Tools Available 

The purpose of this article is to ex- 
amine five mathematical tools most 
useful to the operators of sanitary 
engineering facilities. The discussion 
of each will contain: Areas of ap- 
plicability, methods of construction, 
and examples. The five tools to be 
examined are defined for the purpose 
of this article in the following man- 
ner : 

1. Tables—A representation of data 
in condensed tabular or columnar 
form. 

2. Charts—A pictorial representa- 
tion of data or physical conditions. 

3. Diagrams—A schematic rep- 
resentation of complex patterns of 
flow, either in the physical sense or 
as in chain of command. 

4. Graphs—The representation of 
the inter-relationship of two or more 
items, one with the other. 

5. Nomographs—An alignment 
chart consisting of three or more 
scales so arranged that a straight 
line between any two points on two 
will cut the third scale at a 
point bearing a mathematical relation 
to the other two points. In short, the 
nomograph is a graphical tool for 
the solving of problems. 

In common usage the terms chart, 
diagram, and graph overlap and are 
often used to describe the same item. 
Here, however, they will be treat- 
ed separately. 


scales 


Tables 


A table is a condensed tabulation 
of data or information. It 
of two or more, columns of entries, 
the first column of which contains 
the name (or symbol) or the numer- 
ical value of some entity under a 
basic set of conditions. Other columns 
may contain values of the basic entity 
under other conditions which may be 
applied to it. 

Tables are, by definition, columns 


consists 
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of numbers. The mind cannot visual- 
ize the relationship of quantities from 
a list of numbers ; therefore, one must 
be careful to use tables where exact 
values of one -variable with respect 
to another are desired, not where an 
overall trend is sought. 


How To Make a Table 


To construct a table one chooses 
the independent variable, that is, the 
quantity which the operator can select 
at will. For example, in a table of 
squares and square roots of numbers, 
the number itself is the independent 
variable since the person using the 
table chooses the number in which he 
is interested, independent of the other 
numbers in the table. 

The independent variable is gen- 
erally placed in the most left hand 
column of the table under a suitable 
heading and is usually entered in the 
table as a “whole” or “round” num- 
ber. Other numbers in the table are 
the dependent variables, so-called be- 
cause their value depends on the 
selection of the independent variable. 
In the case of the square root table 
there are two dependent variables, 
which are placed in properly headed 
columns to the right of the indepen- 
dent variable column. 


Example: The Table of Squares 
and Square Roots of Numbers 


Square of Square Root 
Number Number of Number 
0 0 

| 1.0 
1.4142 
1.7321 
2.0000 
2.2361 


Interpolation 


As mentioned above, the indepen- 
dent variable is usually placed in the 
table as a whole number. Sometimes, 
however, one desires information 
about a number between the whole 
numbers. For example, knowing that 
three feet contain 36 inches and four 
feet contain 48 inches, how many 
inches are contained in 3-1/6 feet? 
The process of finding the answer is 
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termed interpolation. If three feet 
equal 36 inches and four feet equal 
48 inches, 3-1/6 feet must equal the 
number of inches one-sixth of the 
distance between 36 and 48 inches, 
or 36 plus one-sixth of the number 

inches from 36 to 48. Therefore, 

1/6 feet equal 36+ (48—36) /6 in- 
ches or 38 This is straight 


inches. 
line interpolation. 
One should be warned here against 
the use of straight line interpolation 
with variables which are not linearly 
related. For instance, one might sup- 
pose that the square of 4.5 is half- 
way between 16 and 25 or 20.5 Ac- 
tually 4.5 squared is 20.25, and the 
use of 20.5 would introduce an error 
of 1.25 per cent. This, percentage 
becomes smaller as the num 
bers rise in value; therefore, it is 
not too significant in this particular 
case, but this type of error should be 
kept in mind when employing in- 
terpolation 


erro! 


Other examples of useful tables in 
Sanitary Engineering are 
A lk ] 


mus alti 


related to moisture 


of different size sewer 


slopes 
chemicals 
trom one systen 
another 

of water 

ind measures 


for various size 
for various 


water pipes at different flow 
different size pipes 
s of numbers 

different heads 


head relationship 


capacity under 


d square roots of numbers 


nversion fron F to 


tunctions 
im pipes o1 
t flow 


difterent 
rates 


nts of various indus 


Charts 


Charts differ from tables in that 
they show pictorally the relation of 
one item to others or the value of 
some entity in terms of another. They 
ire particularly useful for explaining 
data to persons not familiar with a 
technical subject and are helpful in 
presenting al nual reports to boards 
and commissions as well as to news- 
papers 

In general, charts fall into two 
those in which some geo 
graphical features are shown and 


those in which some entire quantity 


categories 
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is divided up into parts, either by 
percentage or by actual value. 

For example, if one were trying 
to explain that additional main- 
tenance help at a plant was required, 
a pie chart would be an excellent 
method of showing how a typical 
working day is utilized. The quan- 
tity to be sub-divided would be an 
eight hour shift. A circle; 1.e., a pie 
is divided into various sections: 
Sampling, operation, maintenance, 
clean up and meals. A time study 
would reveal how much of the eight 
hour shift the operator spends in 
performing each of these four duties 

Time spent is converted to per- 
centage and the pie is split up so 
that the area of each of the four 
sections of the pie appears as a per 
cent of the whole area of the circle 
per time spent 
on the corresponding job. This oper- 
ation is easily performed by using 
a protractor and remembering that 
every 3.6 degrees of a circle forms a 
wedge containing 1 per cent of the 
area. A pie chart such as this would 
indicate at a glance that a high pro- 
portion of the operators’ time was 
spent at maintenance and would show 
the need for additional employees. 
Che data used for developing the pie 
chart might be as follows: 


equal to the cent 


Record at Plant 


Hours per Shift Per Cent 
2.5 

26.9 

50.0 

10.6 

100.0 
The actual pie chart to fit these 
data is shown in Fig. 1. 

The pie chart is useful particularly 
related to chlorine dosage; therefore, 
to indicate sources of revenue and 
disbursement of money for expenses. 
Other types of charts are: 

Calendar charts which indicate 
schedules of dates on which repeti- 





4hr 
Maintenauce 














Fig. 1.—PIE Chart 


tive action is required for proper 
operations. An important chart of this 
type is the schedule for preventive 
maintenance operations. 

Line charts in which a single line 
or narrow bar is divided into parts 
with the divisions being marked with 
numerical values of the entity or its 
divisions under consideration. Ex- 
amples of line charts are: pH zones 
or ranges of indicators; zones or 
ranges of pH in which chemical re 
actions in water or take 
place; pH zone in which corrosion 
actions occur; geological strata as 
shown by well logs, etc 

Map charts consist of a map of 
some geographical section on which 
are shown special conditions or facts. 
Such charts may show weather con- 
ditions, contours, ground water eleva- 
tions, geological strata, distribution 
system pressures, etc. 


sewage 


Diagrams 


A diagram is an outline, plan or 
drawing intended to show what some- 
thing is or how it works. One of the 
most common is the “flow diagram”’ 
which can be used for such diverse 
purposes as family trees, delegation of 
authority within an organization, or 
the sequential progress of process 
operations as in the flow of water or 
sewage through a water supply or 
sewage disposal system or through 
the individual processes of a treat- 
ment plant, or of refuse through a 
composting plant. 

To construct a diagram of liquid 
or solid flow through a processing 
plant each step in the treatment may 
be represented by a simple labeled 
box, or an accurate scale drawing of 
the equipment. Although in actual 
practice the flow through a plant 
may change direction many times 
and even double back on itself, in a 
flow diagram the process is laid out 
in a straight line. Other data may be 
included at pertinent points, e.g., the 
detention time at each step, the 
cumulative time up to that step, or the 
time remaining until the process is 
completed, may be noted at that step 
Usually chemical addition or waste 
removal is noted at the appropriate 
stage. A flow diagram through a con- 
ventional water supply system might 
be as shown in Fig. 2. 


Graphs 


Graphs are divided into two 
classes; line graphs and bar graphs. 
Line graphs are pictorial representa- 
tions of tabular data showing how one 
quantity varies with respect to an- 
ther. A bar graph is the pictorial 
representation of quantities which 
are not continuous variables of one 
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Fig. 2.—FLOW diagram of water supply system 


another. For example, a graph of the 
water consumption per year in vari- 
ous cities around the country would 
be developed as a bar graph. Each 
city is independent of the next and all 
start at zero water consumption each 
year reaching some final total on 
December 31. A line connecting the 
plotted data would be meaningless. 


Line Graphs 


On the other hand, line graph 
would be used to plot such data as 
bacteria per ml remaining at the end 
of a ten minute contact time for var- 
ious chlorine doses. In this case, all 
of the samples started with the same 
number of bacteria per ml and the 
number remaining may be directly 
related to chlorine dosage; therefore, 
a line graph is used. (Note: This is 
only an example and assumes that 
chlorine dose is directly related to 
bacterial kill; this may or may not 
be true). 

To construct a line graph the de- 


cision must be made as to the in- 
dependent and dependent variable. 
The choice is made on the same basis 
as mentioned in the discussion of 
tables. The independent variable is 
placed along the horizontal axis of 
the graph, termed the abcissa or “X” 
axis. Equal divisions to a convenient 
scale are marked off, and the values 
are labled both by name and units. 
The dependent variable is then plot- 
ted along the vertical axis. This axis 
is termed the ordinate or “Y”’ axis. 
Here also a convenient linear scale 
is chosen, numbered and labeled as to 
quantity and units. The title is usually 
placed at the top center or upper 
right hand corner of the graph. The 
title generally reads “Graph of De- 
pendent Variable (Name) vs. Inde- 
pendent Variable (Name). Other per- 
tinent information may be included. 
A graph of chlorine residual vs chlo- 
rine dose, for example, would appear 
as shown in Fig. 3. 


R-367 
Bar Graphs 


A bar graph is similar to a line 
graph in many respects. The varying 
quantity is plotted up the vertical 
axis and is labeled in the same man- 
ner as above. The various items to 
be placed along the horizontal axis 
are spaced to make the graphs easy 
to read and the spacing has no nu- 
merical value. The axis is also 
labeled and the graph is generally 
titled in a manner as outlined above. 
The graph of water consumption of 
various cities in the country would 
appear as shown in Fig. 4. 

Before leaving the subject of arith- 
metic graphs, that is graphs in which 
the graduations of the axes are lin- 
ear, it would be well to discuss some 
of the more specialized problems of 
graph construction. Two problems 
of interest are: 1) How to represent 
large numbers, and 2) When to leave 
the zero or origin point off the graph. 

The problem of how to place large 
number on a graph without clutter- 
ing up the scales with zeros can be 
solved many different ways. The 
simplest, however, is to chose some 
common factor, hundreds, thousands, 
millions, etc., that appear in each 
figure and to remove it, leaving con- 
venient numbers on the axis. Care 
must be taken to make note of this 
process when the units of the axis 
are stated. 

For example, a graph of The Pop- 
ulation in the United States vs. 
Years would have millions removed 
along the population axis for con- 
venience as in Fig. 5. Figure 5 il- 
lustrates the other point, when to 
leave zero off of the graph. Most 
graphs are drawn on 8% by 11 inch 
paper. By placing population along 
the eleven inch side of the paper and 
by discarding the unused population 
numbers, that is zero to 75 million, 
the remaining figures can be 
stretched to make the curve rise very 
steeply. This can be mis-leading to 
the uninformed. 

A more accurate picture of the 
growth of population in these United 
States would be given by a graph 
with all of the population axis pre- 
sented. Therefore, when it is desirable 
to present an accurate picture of con- 
ditions to the layman it is wise not to 
try axis stretching. For technical use 
around the plant, however, it is fool- 
ish not to make graphs as accurate 
and usable as possible by stretching 
the scales as much as possible. To 
include any unused portions of either 
axis is a waste of space. 


Meaning of Slope 


An important concept to under- 
stand is the slope of a graph. Slope 
is defined as the change of the de- 
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Fig. 3.—LINE graph of chlorine residual 
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Figure 6 an example of 
pump operating daily 
pumpage. If the rate of increase in 
operating costs per unit of pumpage 

is necessary to deter- 
mine the slope of the curve (straight 
line). This is done by dividing the 
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Equations of Graphs 

[The graphs disscussed thus far 
have been of the linear type, that is 
“v"’ the dependent variable, is equal 
to “x 
the slope “m” 


the independent variable, 
times ] This relation 
may be expressed by the equation, 
\ mx, 

In some cases the plot of the data 
does not pass through the zero point 
axes. That is, when the “x” 
lue of zero, the line passes through 


both 


value on the y intercept other 
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BAR graph of water consumption 

the “y” intercept and this intercept 

is expressed as “b” in the equation 

which then takes the general form 

for linear graphs of y=mx-+b. 
Often the general equation of the 

measured data not agree with 

the straight line form. 


does 


Logarithmic Graphs 


Two alternate general equations 
which are often used to represent 
data are: y=a* and y=x™, where 
“a” and “m” are constants. Examin- 
ing the first of these alternate equa- 
tions, it is seen that taking the log- 
arithm of both sides of the equation 
yields (log y)=(x) (log a). The 
quantity “log a” is a constant of 
some numerical value; therefore the 
equation really is (log y)=(K) (x). 
This equation is of the linear or 
straight line type if “log y” were 
plotted on the “y” axis and“x” on 
the “x” axis. 

It would be a tedious procedure 
to have to obtain the logarithm of the 
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Fig. 5.—LINE graph showing y intercept and large numbers 
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Fig. 6.—LINE graph showing meaning of slope 





DIRECTIONS FOR USE 


1, Decide asount of flueride ion re 
quired to increase fluoride con- 
tent by the desired amount. 
Step 1 = Align thie point on Line B, 
representing dosage, ~ith point on 
bine & Read on Line C, the anaint 
of fluoride ion required in 1b per 
day. 
Step 2- Align streightedge at right 
angles to Line C at this determined 
point. Where straightedge crosses 
Lines DEF, and 6, read the amount 
of particular chemical to be fed. 
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Fig. 7.—EXAMPLE of Z type alignment chart for fluoridation 


dependent variable for each datum 
point before plotting, therefore spe- 
cial “semi-log” graph paper has been 
devised so that both variables may be 
plotted directly and straight line 
graphs will result. 

A typical curve of the “semi-log” 
type is obtained by plotting the Per 
Cent Transmission vs. Concentration 
for use in determining unknown con- 
centrations of some ion by the stan 
dard colormetric tests using a spec- 
trophotometer. The equation of the 
curve is log (%T)=(K) (Concen- 
tration), a straight line on “semi-log” 
graph paper. 

The second equation above, y=x"™, 
becomes (log y)=(m) (log x) when 
the logarithm of both sides of the 
equation is taken. In this case to ob- 
tain a straight line on arithmetic pa- 
per the logarithm of both the depen- 
dent and independent variable must 
be computed and plotted. Again this 
is inconvenient and special graph pa- 
per, “log-log” graph paper, has been 
developed to allow direct plotting of 
both variables. 

An example of the “log-log” type 
equation is that for pipe flow; 


Hy==(K) (Q'*). In logarithmic 
form this becomes (log H,)—(1.85) 
(log Q)+(log K). It is seen that 
this is the typical y=mx-+b type of 
equation. Plotting Head 
Flow on “log-log” graph 
yields a straight line. 


Loss Vs. 


paper 


Nomographs 


An alignment chart, also termed 
a nomograph or nomogram is one of 
the most useful mathematical tools 
available to an operator. The sim 
plicity of using such charts has made 
them quite popular, both with non 
technical and technical personnel 

Alignment charts are used to show 
the relationship between three, four, 
and five or more variables and are 
particularly useful in plant operation 
where it is possible to calculate oper 
ation results, quickly and easily. Such 
calculations as pounds of chemicai 
dosage determined from flow rate and 
dosage rate, or production quanti- 
ties from analytical data, per cent re 
movals, rates of flow and many other 
items are among the useful informa- 
tion that can be calculated by align- 
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ment charts. 

The simplest alignment chart con 
sists of three parallel lines each of 
which has a scale representing one 
of the variables in the mathematical 
equation or relationship to be solved. 
The scales, however, do not have to 
be parallel and may in fact look like 
a Z or have some other angular, 
curved or spacial relations. 

In the discussions above, the con- 
struction of diagrams and graphs 
utilized graphical scales. Graphical 
scales may be either curved or 
straight lines graduated with a set 
of numbers arranged in order of mag- 
nitude. When the distances between 
points are equal, it is termed a uni- 
form scale; when the distances are 
unequal, it is a non-uniform scale. 

Unlike graphs and diagrams, 
nomographs or alignment charts do 
not make use of graphical scales but 
employ instead, what are termed 
“functional” scales. In a “functional” 
scale the distances between the grad 
uations are proportional to the value 
of the variable being sought. Fre 
quently, a logarithmic scale is em 
ployed to establish this proportion- 
ality, although other proportionality 
factors may be used. In alignment 
charts the distances are laid off from 
an initial point on the scale, not nec 
essarily the zero point. 


How to 
Make a Nomograph 

The construction of alignment 
charts can be a complicated art for 
complicated relations, but for the 
usual calculations in a water, sewage, 
or waste plant, the development of a 
useful alignment chart is relatively 
easy 

For a short cut to the construction 
of a parallel alignment chart (for ex- 
ample relation of flow, chemical dos- 
age and dosage rates) follow these 
steps: 

1. Draw two parallel lines a con- 
venient distance apart. 

2. Graduate one scale (A) from 
top to bottom in logarithmic divisions 
to cover the entire range of values to 
be covered by the data collected on 
one variable, say flow in mgd. 

3. Graduate the second scale (B) 
in logarithmic divisions for the en- 
tire range of values to be covered by 
the second variable, say pounds per 
24 hours of chemicals. 

4. To determine the location of the 
third “C” scale (dosage in ppm) 
draw two light guide lines, one con- 
necting the top value on scale A with 
the bottom value on Scale B, and the 
other connecting the bottom value on 
scale A with the top value on scale 
B. Where these lines cross, draw a 
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vertical line parallel to lines A and B 
5. To determine the scale divisions 
on scale C, place a straightedge across 
the upper part of scales A and B for 
two particular and mark the 
point where the straight edge crosses 
line C. Calculate the value of this 
point from the equation ppm (dosage 
rate (Ib/day ~— (8.34 x mgd) 

Repeat this operation for two val 
A and B, in the lower 
parts of the scales. 

Having located two values on scale 
C, divide the distance in between the 
two points into the number of divi- 
representing the number of 
whole values between the two values. 
These divisions may be logarithmic 
or approximately, but not necessarily, 


values 


ues On SC ales 


sions 


sO 

Some persons prefer to use scale 
divisions which are equal in value 
This arrangement can be accom- 
plished at least two scales by 
a Z type nomograph as shown 
in Fig. 7. In this case, the “C” scale 
is divided in approximately logarith- 

ic di lo locate the points on 


for 
using 
o 
mic divisions 
this scale it was necessary to calculate 
the value for each point for two dif 
flow and locate it 
grap! straightedge connect 
ing those two different flow rates 
the dosage in lb per day for that 
dosage rate and those two flow rates. 
Where the lines represents 
the value in ppm on 
This is a somewhat 
but effective. 

more than one scale is 
the B may be 


Cases 


ferent rates of 


ically by 
W ith 


crossed 
the location of 
the “C” scale 
tedious procedure 

In Fig. 7 
included in 
many 


scale as 


done lf 


Some Mathematical Terms 
of Importance 

lo complete the mathematical pic 

desirable to define four 

common terms: 1) Average, 2) 
Mode, 3) Range and 4) Median 

\ll of these terms attempt to “tell 
about experimental data 
without presenting all of the data 
taken. Suppose an operator measures 
the suspended solids in an aeration 
tank every day at 11 :00 a.m. and sup 
pose the superintendent wishes this 
information. By reporting the aver 
age, mode, and range of the data to 
the superintendent, he will have all 
of the information required without 
having to examine ail of the data. 
These quantities give a picture of all 
of the data 

The average of data is the sum of 
all of the data divided by the number 
of pieces of data present. The average 
assumes the natural variation in data 
will cancel itself out, that is there 
will be the same number of high re 
sults as low ones. This may or may 
not be true, but the average of data 


ture, it 1S 


a story” 
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Fig. 8.—EXAMPLE of “average,” "mode" and “range™ 


an important property. The “aver- 
age” is also termed the “mean”. 

The mode of data is the value of 
the data that appears most frequent- 
ly, that is, it is the most likely to ap- 
pear. As an example, the mode is the 
value reported by the Most Probable 
Number (MPN) of microorganisms. 
The mode differs from the average 
by the fact that the mode is not af- 
fected by a few very high or very low 
results. For example, in the data 


but the average is 6.9. The difference 
between the two values would indicate 
that some very high values were pres- 
ent, as is the case 

All data has some scatter, that is, 
there are some high and some low re- 
sults. Range 
ter. The range of data is the differ- 
ence between the highest and lowest 
numerical value. Range is a good 
measure of the natural 
data except in the cases of tests where 
a single piece of data could be gross- 
ly in error. This error will cause an 
undesirable increase in the range and 
it will no longer be a good repre- 
sentative of the consistency. These 
cases, however, do not occur fre 
quently. 


is a measure of this scat 


variation of 


If the average value of suspended 
solids in an aeration tank is 1500 
mg/L and the range is 500 mg/L 
this means that all of the values of 
suspended solids measured would lie 
somewhere between 1250 and 1750 
mg/L, 

Chese three quantities (average, 
mode and range) are shown in Fig. 8. 
\ combination of all three will tell 
nuch about the characteristics of data. 

In cases where daily data are tabu- 
lated for the month or the year, some 
operators use the median value as be- 
ing more representative of the true 
for the month 


“average” condition 


than the arithmetical The 
“median” is that value which lies mid- 
way in numerical between 
the highest and the lowest value; for 
example the sixteenth value in a list 
of 31 numbers when listed in descend- 
ing or ascending order of numerical 


average. 


sequence 


value. 

In many cases the weighted aver- 
age value is of far more importance 
than the arithmetical average. For ex- 
ample, to obtain a weighted average 
suspended solids in ppm it is neces- 
sary to calculate total pounds of solids 
per day from daily flow and ppm; 
these values are then added and divid- 
ed by the sum of the flows (times 
8.34) for the period (say a month). 
This operation gives the weighted sus 
pended solids in ppm for the month. 


Summary 


In the short space of one article, it 
is not possible to develop all of the 
details of how to collect, store and use 
data. Neither is it possible to cover 
the subject of mathematics as it is 
used and useful to water and sewage 
plant operators. This article has not 
attempted to do either, but has been 
developed to acquaint the reader with 
some of the most useful tools with re 
spect to data handling. 

The mathematically minded stu- 
dent and engineer will find most help- 
ful and useful this book on alignment 
charts : 

“Nomography” by A. S. Levens, 
published by John Wiley & Sons. 

Also students, operators and engi- 
neers will find these two articles both 
helpful and interesting. 

“Graphical Approach to Statis- 
tics” by ed J. Velz: Wat. & Sew 
Wks, 99: R-106 (April 1952) 

“Survey of Elementary Mathe- 
matics” by Warren K. Eglof; Wat. 
& Sew Wks. 95: R-55 (April 1943) 
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lR 


Acid Handling Pump 
] design 
materials of 


Chis 6-page bul 
etin describes the features, cor 
s10on-resistant construc 
tion, applications, sizes and capacities ot 
this acid handling pump.—Dorr-Oliver 


Inc 


) 


Activated Silica Sols Preparation 

Series Sheet “A” covers jar test pro 
cedures for preparing activated silica 
sol from sodium silicate and ammonium 
as the reacting chemical. Sheet 
prepa- 
such 
alum, 
flow 


sulfate 
“B” retail 
ration of 


s procedures for batch 
activated with 
reactants as ammonium sulfate, 
chlorine et« Illustrations show 
Philadelphia Quarts Co 


' 
silica sol 


diagrams 


3R 

Activated Sludge—A technical study on 
the Kraus Process covers the dual aera 
tion system for power savings and 
sludge interchange for beneficial use of 
supernatant liquor and elimination of 
bulking. Actual plant data 
siderations.—Pacific Flush 


Design con- 


Tank Co 


4R 


Activated Sludge—Catalog 100 describes 
the Cavitator for installations up to de- 
sign populations of 1,000.—Yeomans 


Brothers Co 


5R 
Activated Sludge Plant—The “Biosorp- 
tion” activated sludge plant is illustrated 
and discussed in this bulletin. The plant 
incorporates efficient means of oxygen 
transfer which reduces the retention time 
within the aeration Infilco In 
corporated 


basins 


HA 

his brochure gives de 
company’s 
Chi 


Aer-Degritter—1 
tailed information on the 
\erated Grit Removal System 
Pump Co 


CaRO 


oa Pa 
4 aX 


Aeration Equipment—tThese bulletins 
cover the Wide-Band Aeration System, 
featuring swing diffuser units and preci 
sion diffuser tubes.—Chicago Pump Co 


RA 

Aeration Equipment—This booklet pr« 
sents complete information on the devel- 
opment, design and application of both 
Walker Diffusair and Impingement 
1eration equipment. It includes discus 
sions on channel aeration, grit aeration 
and details on the Walker Air Lift for 
return activated sludge pumping 
Walker Process Equipment In 


9R 
Aerators—This 
outline of the 
describes the Cascade 
Tray Aerator, pressure Aeration 
\tomerator), Degasifier and Deaerat- 
ing Heaters.—General Filter Co 


bulletin gives a_ brief 
reasons for aeration and 


Aerator, Coke 


10R 

Aerator Clarifier—Bulletin 129 gives de- 
tailed information on the small compact 
activated sludge sewage treatment unit, 
to handle up to 500,000 GPD.—Chicago 
Pump Co 


11R 

Air Compressor—Catalog 5540 presents 
the heavy Pneumatractor, a 135 cfm 
gasoline engine driven air compressor 
built into a wheel tractor. The catalog 
describes the use of a backhoe, front 
end loader, rotary brush, and dozer 


blade in conjunction with the compres 


sor Schramm, Inc 


12R 

Air Relief Valve—Bulletin F 
describes the Rensselaer 
vacuum and air release 
Valve Mfg. Co., Inc 


illustrates 
combined 
valve 


and 
air and 
Ludlow 


13K 

Algaecide—A new simple, low-cost way 
to stop algae problems in cooling sys- 
tems through use of No. 120 
algaecide is described in this bulletin 
\llis-Chalmers Mfg. Co. 


series 


14k 

Aluminum Elevated Water Tank—This 
reprint describes the construction of an 
all-welded elevated water 


Tank & Mfg. Co., Inc 


aluminum 
tank.—Graver 


ISR 

Automatic Control 
t brochures on Transistorized Tone 
Generator type control systems, a 4- 
page case history on a water works con- 
and information on data 
system Taller & Cooper Inc. 


[his catalog con- 
& 


ains 


trol system, 


logging 


16R 

Automation This bulletin 
automatic control of filter operation with 
interlocking safety devices to prevent 
overtlow of clearwell or dangerously low 
filter levels. It presents the “C.-A.-P. 
System” instruments.—Infilco Incorpo- 
rated 


discusses 


17K 

Asbestos-Cement Pipe—A brief history 
of the use of asbestos and the advan 
tages of ‘‘Century’’ asbestos-cement 
\ chart of standard sizes and 
included.—Keasbey & Mat 


pipe 
Classes 1s 


tison Co 
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18h 


Bacteria 


} 


Free Packing—A 
‘ | ' 
€a ex in approve: 


ri I 1 Developn 


Ball & Socket Cast Iron Pipe 

tin descri the low ball & sock 
crossings and 
turning 
lames B. Clow 


( 
et ist iron ply ror river 


15 degree 


‘ 


Bar 


Screens 
i ; les 


~ 


Screens 


Barminutor yulletin illust and 
op 
hanical descrip 

; 


1Ons ind otner 


Gate 


Bascule 


7313 describes small 
Dorr-Oliver Duo 
s providing 


Biofilters—Bulleti: 
file on with 

ompl« te sew 
tor institutions, housing 
turnpike service areas 


Biological Oxidation Plant—The “Acro 
bulletin 


gical 


plant is 
This com 
iar 


x per 


Blowers 


pertorm 
ons an¢ 


ates and 
making 
storage avail 
s.—Morton Salt Co 


types of bring 


systems 


y0oklet 
rugged 
pipe 
sewer 
service Cast Iror 


Cast Iron Pipe his illustrated 


proot of the 


cast iron 


distributions: 
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29K 

Cast Iron Pipe—Complete line of Cast 
Iron Pressure Pipe in sizes of 3 to 24 
neches diameter is listed in catalog 54, 
Complete specifications and construction 
details \] Pipe Lo 


ibama 


Vs 

Cast Iron Pipe—Catalog gives full de 
iils of weights and dimensions ot 
centrifugal cast iron pipe, 
fittings and specialties —R. D 


‘ il sual 
Sand- spun 


Cast Iron Pipe in Sewerage Systems 

] 5 booklet shows instances ot 
pipe in sewerage 
Research 


This 52 page 
the use of cast iron 
Cast Iron 


systems 


Assn 


Pipe 


+7} 

Catch Basins—Several styles and sizes 
described. The bul- 
lettering is 
& Ma 


of cat basins are 
, 


etin hat 


, 
i specia 


also states t 
ivailable Clarksville Foundry 


hine Works 


33) 

Cathodic Protection—A of three 

I odic protection: “Fight 

“Cath- 
Pro 

Plants.” 


bulletins on cat 
1rrosion with Corrosion” 

System”, and Cathodic 

or Water Works 


st-Proofing Corp 


ona 


Carbonation 


‘ ; 


; j } } 
€ sottenes \ I nciudes 


of the background, chemical 
problems in car 
to impurities in 
certain methods, is 
lv covered with tables giving 
ious metals 
Ine 


nethods an 
(Corrosion, due 
produced by 


brochure 
rating the advan- 
filter aids in 
producing clear, pure potable water, con- 
l larity, and re 
from plant 


Celite Filtration—A 
describing and iillust 


12 page 


tages of ( diaomite 
trolling process water « 


1armful 


impurities 


Manville Corp 


ponns 
l 


This bulletin con- 
performance char 
and specifications of this 
manufacturers line of single 
and multistage centrifugal blowers 
[ypical installation ap- 
Inne luded 


Centrifugal Blowers 
tains illustrations, 
acteristics 
complete 
Stage 
and exhausters 
ire also Roots- 


Blower 


27 


Wit 

Centrifugal Pumps—This 20-page bulle 
tin describes monobloc, single and two 
centrifugal pumps in sizes 4 to 
Drawings and rating curves are 
also included.—Worthington Corp 


stage, 


6 inches 


ISK 

Chemical Feeders—This catalog pictures 
ind describes electric vibrating feeders 
for the feeding of dry chemicals for wa- 
ter and treatment plants.— 


sewage 
letfrey 


Mfg Lo 


39R 


Chemical Feeders—Bulletin 30-H12A on 
gravimetric loss-in-weight feeders; Bul- 
letin 35-G5A on belt gravimetric feeders; 
Bulletins 20-P2 and 50-K5B on volume- 
tric feeders; all for adding chemicals 
for water or waste-treatment—-Omega 
Machine Co 


40R 

Chemical Feeders—tThis bulletin de- 
scribes positive displacement pumps for 
feeding corrosive fluids —Omega Ma 
chine Co 


41R 
Chemical Feeders—Pub!l. No. TP. 39M- 
4 describes dry chemical feeders of 
volumetric type——Wallace & Tiernan, 
Inc 


42k 

Chemical Treatment—Bulletin A-705 
discusses the use of chemicals in water 
and sewage treatment Columbia- 
Southern Chemical Corp 


43R 
Chlorine—A 


physical properties, 
and containers 


describing the 
methods, 
Salt Mfg 


bulletin 
handling 
uses Penn 
Lo 


44R 


Chlorine—Bulletin containing general 
information on the properties, contain 
ers, and handling of liquid chlorine 


Pennsalt Chemical Corp 


45R 


Chlorine— General information, prices, 
list of local distributors, shipping con- 
tainers and liquid chlorine, calcium 
hypochlorite, and sodium hypochlorite 
lohn Wiley Jones Co 


40R 


Chlorine Dioxide—A booklet discussing 
in detail the removal of tastes and odors 
by chlorine dioxide treatment and its 
bactericidal properties, methods of 
treatment and application. Economic 
factors and general installation instruc- 
included Industrial 
Olin-Mathieson Chem- 


tions are also 
Chemical Div 


ical Corp 


47R 

Chlorine Feeders—A series of bulletins 
on Chlorinizers, for feeding chlorine gas 
and other gases like ammonia, sulfur 
dioxide, etc. Capacities from 4 to 8000 
lbs. per 24 hours.—Builders-Providence, 
Inc 


48h 
Chlorine Feeders—Bulletins on chlori- 


nators particularly for swimming pools 
Chemical Equipment Co 


49R 


Chlorine Feeders—A series of bulletins 
covering “Sterelators” both portable, 
wall, and large capacity models.—Ever- 
son Mfg. Corp 
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50k 

Chlorine Feeders—A series of catalogs 
on chlorinators and accessory equipment, 
ranging in application from swimming 
pools to high capacity industrial require- 
ments.—Fischer & Porter Co 
51k 

Chlorine Feeders 
variable orifice chlorinator 
Tiernan, Inc 


Bulletin on V-Notch 
Wallace & 


52K 

Chlorine Feeders—Cat. File Nos. 20,100, 
50, 110, present mechanical diaphragm 
vacuum type solution feeder and chlo 
rine flow recorder.—Wallace & Tiernan, 
[nc 


53R 

Chlorine Handling—Bulletin A-505 dis- 
cusses the problem of the Safe Handling 
of Chlorine —Columbia-Southern Chem 
1¢ al ( orp 


54R 

Chlorine Residual Recorder—Catalog 
50.250 describes the WT Residual Chlo- 
Recorder as an instrument for 
measuring residual chlorine amperome- 
tically in a continuous sample and re- 
cording the reading in parts per million 
on a 24 hour circular chart. Advantages, 
case histories, design features, operation 
and technical data are included.—Wal- 
& Tiernan, Inc 


rint 


1 
ace 


55R 
Chlorine Wall Chart—Chart describes 
container valves, leak detection, first aid 
and accident Penn Salt 
Mfg. Co 


procedure 


56h 
Chlorine Wall Chart—This chlorine wall 
chart lists some of the important things 
to do in handling liquid chlorine in 
cylinders, ton containers and tank cars. 
It covers first aid and emergency pro 
cedures. The chart is clearly illustrated 
with diagrams of chlorine container 
valves —Hooker Electrochemical Co 


57R 

Clamps and Saddles for Pipe Repair— 
Catalog GW gives complete description 
and specifications on all Skinner seal 
clamps and saddles. Also serves as a 
pipe repair manual.—M. B. Skinner Co 


S8R 

Clarifiers—This bulletin describes two 
settling type clarifiers for both circular 
rectangular tanks, equipped with 
skimming and sludge scraping 
Hardinge Company, In 


and 
both 
machanisms 
corporated 


59R 

Clarifier Mechanisms—This bulletin de- 
scribes the conventional center drive 
type clarifier mechanisms, and, rec 
tangular, drag-line sludge collectors, and 
the “Streamline”’.—Yeomans Brothers 
Co 


60R 

Clarifiers, Spiraflo—This 8-page catalog 
covers the exclusive features of this 
settling tank for either primary or final 
tank installations —Yeomans Brothers 
Co 


61R 

Clariflocculator—This bulletin describes 
the physical characteristics, principle of 
operation, types, sizes and advantages 
of this combination flocculation and 
clarification mechanism. Included are 
photographs of operating installations 
and line and wash drawings of standard 
units.—Dorr-Oliver Inc 


62R 

Clean Swimming Pools—This circular 
gives helpful information on the treat- 
ment of swimming pool water and de- 
scribes Taylor equipment for chlorine 
and pH testing—W. A. Taylor & Co 


63R 

Coal and Ash Handling—Two folders 
and a catalog on coal and ash handling 
layouts; also a catalog on chains, and a 
series of questions and answers on ash 
handling.—Beaumont-Birch Co 


64R 

Comminutor—Bulletin 185-D presents 
complete data, details and installation 
information on the company’s comminu- 
tor—Chicago Pump Co 


65R 

Comminuting Devices— Bulletins 5100 
and 5150 discuss the “Griductor” and 
“Rotagrator” screens and comminutors 
with many illustrations of design princi- 
ples.—Infilco Incorporated 


660R 

Concrete Pressure Sewer Pipe—A folder 
discussing features and standards of con 
crete pressure sewer pipe.—Price 
Brothers Co 


67R 

Concrete Pressure Water Pipe—A book 
let explaining and illustrating the proper 
method of laying concrete pressure 
pipe. The steps discussed are: digging 
the trench; checking grade; handling 
the pipe; lubricating joint rings; making 
the joint; checkine the gasket; grade 
ind line changes; completing the joint; 
bedding the pipe; and the use of pull 
jacks.—Price Brothers Co 


ORR 

Concrete Tanks—Bulletin of 

information on the design, construction 

and uses of prestressed concrete tanks 
Preload Co. Inc 


technical 


69R 

Construction Tools—Illustrated 16 page 
catalog on rack drills; wagon drills: 
pavement breakers; clay spades; trench 
diggers; backfill tampers; drill 
rock bits; air and couplings 


Schramm, In 


steels; 


hose; 


70R 

Contraflo Clarifier—A twelve page bul 
letin of information on clarification and 
water softening by the upward flow 
sludge blanket method. Suitable for 
boiler feed, cooling systems, paper manu 
facture, textile industry, chemical plants 
and many other similar applications 
General Filter Co 


71R 

Control Drives 
P81-1 describes piston-operated 
positioning drives for butterfly 
and other final control elements. 
Meter Co 


Product specification 
power 
valves 
Bailey 


72R 

Control System Instruments—Bulletin 
7202 describes miniature instruments for 
pneumatic transmission and control for 
water filtration plants.—Minneapolis- 
Honeywell Regulator Co 


73R 

Controllers—Catalog detailed 
specifications and control action descrip- 
tions and ratings for both electric and 
pneumatic  controllers——Minneapolis- 
Honeywell Regulator Co 


includes 


74R 

Controllers—Catalog 900 and 950 in 
clude detailed specifications and control 
action descriptions for both mechanical 
and pneumatic controllers.—Simplex 
Valve & Meter Co 


75R 

Copper Sulphate—Two booklets on the 
use of Copper sulphate. “Copper sulphate 
in control of Microscopic Organisms”, 
and “Copper sulphate for Root and 
Fungus Control in Sanitary Sewers and 
Storm Drains.”—Phelps Dodge Refining 
Corp 


70R 

Copper Sulphate—A 13-page booklet de 
scribing the use and application of sul 
phate in water treatment and algae con- 
trol, and containing charts of chemicals 
required for various treatments 
Tennessee Corp 

77R 

Corey Hydrant—This bulletin illustrated 
and describes the Rensselaer Corey hy 
drant.—Ludlow Valve. Mfg. Co., In« 
78R 

Corrosion Control—A booklet on the de 
scription and the Pitt Chem 
larset, a new coal tar-Epoxy resin coat- 
ing for control of severe corrosive con- 
Pittsburgh Coke & Chemical 


uses oft 


ditions 


Lo 


79R 

Couplings, Asbestos-Cement Pipe 
Features and installation on instructions 
for the use of Century “Fluid-Tite” 
couplings are graphically presented 
along with a chart of standard sizes 
Keasbey & Mattison Co 


R0R 

D. C. Motors—This bulletin describes 
direct-current motors, % through 200 hp, 
motor-generator sets up through 
output Allis-Chalmers Mfg. 


and 
200-kw 
Lo 


R1A 
Defoamant—T echnical 
vides information on 
fective all-weather defoamant. Desirable 
characteristics and test results from 
various sewage plants are given, along 
with physical and chemical properties 
Fine Organics, Inc 


data sheet 
Foamwilt, an ef- 


pro- 
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SZ 


Demineralizers——Bulletin W C-111 dis 
' 


t iples of demineralization 
ive details of equip 

iracteristics of 10n 
quipment and rest 


Permutit (¢ 


Demineralizers— Bul WC-111 dis 
st lesigt 1e€OT) d equipment 


ex nge s ! n detail 


A 16-page 
evelopment 


Densludge Digestion System 


tyne ] Npil tions 
VI i ipplicall 


is new secwakrt 


he mean 


x 


L800 3 on 


Filters 


‘ 
eal 


Diatomite 
ton roportion 


Diffusion Plates & Tubes 


or is 


ooklet 
bonded 
al d as 
ir applica 

process and 
uniform 


borundum 


Cover Roofing w con 
for i floating 


This 


Digester 


Digestion Equipment—This bulletin de 
ribe n detail advantages, design, con- 
il ypperation intormation on 
p's Catalytx Reduction 
lerated sludge digestion 


Lo 


bulletin 


Double Suction Pumps—This 

I : nd illustrates type M 
pumps 
ler Mfg. Co., Economy 


hori 
j 


ise double suctior 
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O3k 

Dry Chemical Feeders—Bulletin 217 de- 
scribes the operating principles and de- 
Type E dry 
250 discusses 


mix- 


characteristics oft 

feeders. Bulletin 
and feeders in which 
ing is accomplished by agitators revolv 
plane to prevent 
Incorporated 


sign 
chemical 
lime mixers 


vertical 
Infilco 


ng in the 


tratification 


94k 

Effluent Sampler—Bulletin describes the 
sampler and gives operating instructions 

Phipps & Bird, In« 

Chis bulletin 
con 

water 

Loveless, 


Electrical Control Panels 
describes typical custom electrical 
trol panels tor sewage lift stations, 
ind sewage plants.—Smith & 


It 


O6R 
This bulletin contains 
Motors. Descriptions 
illustrations are included 
Uniclosed designs, totally 
osed and explosion-proof types, 
Syncrogears, and right-angle 
models; motors 
icl 1 types 


+ . 
ticiosed 


Electric Motors 
the line of U Ss 
ull-color 


n-type 


' 
also vertical 


hollowshaft 


trical Motors, Ince 


ei 
/ 


Elevated Steel Tanks 

le discusses Horton 

Tanks of Large Capacity 
e advantages of 


steel 


\ 24-page book 
Elevated Steel 
and describes 
using large elevated 
tanks to provide gravity pressure 
It also contains, detailed information on 
the design and construction of the tanks 
1 12 photographs of actual installa 
a table of sizes, and page of draw 
showing construction details.—Chi 
Bridge & Iron Co 


OR}? 


Elevated Steel 
booklet includes dimensional data and 
capacities for tank types, in ad- 
dition to many installation photographs 
and descriptions. A cut-away view shows 
such accessory equipment for 
tanks such as swivel ladder, stub 
flow balcony and 
burgh Moines Steel Co 


Tanks—This 20-page 


6 basi 


these 
' over 
oes Pitts 
Jes 


vent 


UV ik 


Elevated Storage Tanks—A brochure, 
‘Cole Shallow Depth Steel Tanks” gives 
photographs and description 


apacities 


table of 
vemispherical, 
tanks R D 


and sizes of 
self-supporting 


Cole 


bottom 
Manufacturing Co 


LOOK 
Elevated Storage Tanks 
Dp iotographs of standard 
reserviors, 
vated tanks 


Tables and 
Nooter water 
standpipes and 
Nooter ( orp 


storage ele- 


lOLK 

Elevated Water Tanks 
chure describing the Watersphere and 
Waterspheriod. These modern structures 
are used in municipal and private water 
systems to provide gravity pressure for 
service and fire protection, and 
booklet \ 
illustrates the 
use of these struc 
Bridge & Iron Co 


A 16 page bro- 


general 
this use is described in the 
portion of the booklet 
skyline 


res Chicago 


advertising” 


102R 

Engines—A series of 4 bulletins describ 
ing Climax 4, 6, 8 and 12 cylinder gas 
engines in a range of sizes up to 600 
hp. These engines are capable of op 
eration on natural gas, butane, sewage 
gas, gasoline or a combination of any 
two of these fuels ——Climax Engine 
Manufacturing Co 


103K 

Engines, Sewage Plant—A 20-page bul- 
letin showing dual fuel engines, diesel 
engines and spark ignition engines. Con- 
tains engine selection chart, comparison 
fuel gas analysis chart and others 
Worthington Corp 


104k 

Ferric Chloride, Anhydrous—A general 
information bulletin on the use of anhy- 
drous ferric chloride in sewage and wa 
ter treatment.—Pennsalt Chemical Corp 


10SR 

Ferric-Floc—A 38-page booklet describ- 
ing the use and application of ferric 
sulphate in all phases of coagulation 
Cennessee Corp 


106R 
Filters 
berts 
fications, 
swimming 
and pressure 
Mig Lo 


information on Ro 
filters for municipal water puri- 
industrial water rectification, 
pool recircuating systems 
filters Roberts Filter 


General 


107R 

Filter, Automatic Backwash— Bulletin 
46-A illustrates and describes how this 
automatic backwash sand filter traveling 
carriage cleans the compartmented filter 
bed section by section without interrupt- 
ing the normal filtering operation 
Hardinge Company, Incorporated. 


108R 

Filter, Automatic Valveless—This bul- 
letin describes the completely automatic 
gravity sand filter that uses no valves, 
pumps or flow controllers The Per- 
mutit Co 


109R 

Filters, Diatomite—Diatomite Filters 
are being used more and more for swim 
ming pool installations and for many 
industrial uses. This bulletin details the 
operation and shows a typical swim- 
ming pool installation—General Filter 
Lo 


11l0R 

Filter Media—Bulletin on “Anthrafilt” 
tells the reasons why selected, graded, 
crushed anthracite is superior to sand 
filtering material Anthracite 
Corp 


as a 
Equipment 


111R 

Filter Membrane—lllustrated booklet 
reviews approximately 80 technical ar- 
ticles reporting application of this an- 
alytical screening device in the study 
of gaseous and liquid suspended par- 
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ticles in the sub-micron range size 


Millipore Filter Corp 


112R 

Filters, Multi-Cell—Pressure filters are 
used in many treatment plants and this 
bulletin outlines advantages of the 
Multi-Cell method and gives various 
methods of backwashing.—General Fil- 
ter Lo 


113R 

Filter Operating Panels—A product 
specification sheet and drawing discus- 
sing steel control panels for rapid sand 
filter operation. Each panel features 
inclined surface for optimum readability 
of the instruments and efficient opera- 
tion of hand-automatic stations 

Bailey Meter Co 


selector 


114R 
Filters, 


Pressure—Bulletin 2225 de- 
scribes the operation and design fea- 
tures of pressure filters, both vertical 
ind horizontal. Contains details of aux 
ilary equipment including Permutit 
Multiport Valve, also installation photos 
and specifications —The Permutit Co 


115R 

Filter Underdrains—Brochure 
complete information on “Criscrete” fil 
ter underdrains—M C G Company 


gives 


116R 

Filter Underdrains, Sewage—Bulletin 
UF-3 provides complete information on 
the Natco Unifilter Block Underdrains 
for trickling filter beds of sewage dis- 
posal plants.—Natco Corp 


117R 
Fire Hydrants 
the Corey-type fire 
waterworks 


This bulletin describes 
hydrants and lowa 


valves lowa Valve Co 


1ISRk 

Fire Hydrants—This 18-page 
illustrates and describes the 
slide gate type of hydrant 
Valve Manutacturing Co., Inc 


catalog 
Ludlow 
Ludlow 


119R 

Fire Hydrants 
and describes the 
type tire 
the company % F 


This bulletin illustrates 
complete line of com 
hydrants made by 
Smith 


Mfg. Co 


pression 


120R 

Fire Hydrants—Literature on Mathews 
modernized, Mathews flanged barrel and 
R. D. Wood swivel joint fire hydrants 
conforming to latest AWWA specifica 
tions and of designs to meet any re- 
quirement.—R. D. Wood Co 1 


121K 

Flexible Pipe Couplings—This 44-pag« 
catalog contains complete descriptive 
material, illustrations and engineering 
data on flexible couplings for joining 
pipe from 3/8 to 72 inches and up in 
size. Hundreds of applications are listed 
and illustrated. It also includes informa- 
tion on Dresser’s complete line of pipe 
littings, pipe repair clamps and sleeves, 
service saddles, expansion joints etc 
Dresser Manufacturing Div 


122R 

Floating Covers—This brochure gives 
design application data on positive, non- 
tipping construction of Chicago-W iggins 
Pontoon Digester Floating Covers 
Chicago Pump Co 


123R 

Floating Covers—A bulletin that covers 
in 40 pages the theory of control diges- 
tion with digester design considerations, 
operation and floating cover 


digester 
details —Pacific Flush 


construction 


Tank Co 


124k 

Float-Treat System—For water, sewage 
and wastes treatment. Bulletin describes 
in detail the process in which suspended 
organic matter and usual chemical flocs 
are removed from process liquids by 
floatation.—Chain Belt Co 


125R 

Flotation—This bulletin 
Graver “Aeroflotor” and 
sign features [The various 
advantages of flotation are discussed 
Water Conditioning Co 


discusses the 
shows the de- 
uses and 


Graver 


126R 
Flocculation 
Floctrol process 
dimensions are 
Lo 


[his catalog described the 
Drawings, photos and 
included.—Jeffrey Mfg. 


127R 

Flocculation—Bulletins 2W66 and 2W72 
cover impeller type and reel type floc- 
culation units and rapid mixers for 
water and waste treatment.—Walker 
Process Equipment, Inc 


128 

Flocculation Equipment.—An 8-page 
booklet, “Equipment For Chemical 
Flocculation” illustrates and discusses 
Link-Belts line of conveyors and eleva 
handling chemicals and flash 
ind straightline mixers Link-Belt Co 


tors tor 


129R 

Flocculation Equipment—This bulletin 
pretreatment of water. Rex 
Floctrol design and arrangement are 
covered in detail. Information on Rex 
Slo-Mixers and Rex Flash-Mixers is 
included.—Chain Belt Co 


covers the 


130R 
Flocculators—Bulletin 6971 
description of Dorr-Oliver 
used to perform the two basic 
flash mixing and _ flocculation 
Oliver Ine 


contains a 
equipment 
steps of 

Dorr 


131R 

Floor Grating—A bulletin discussing 
riveted, pressure locked, and all welded 
types of floor grating. General instruc- 
tion for ordering and charts on safe 
loads are given. Borden safety steps are 
also discussed.—Borden Metal Products 
Co 


132k 

Flow Measurement—Bulletin 115-L1A 
on Dal! Flow Tube; Bulletins 110-N1 
on Venturi Tubes; 135-F2A Kennison 
Nozzles; and 380-K4A on Propeloflo 
meters.—Builders-Providence, Inc 


-Generators 


133K 

Flow Measurement—Bulletins 402, 500, 
700, 750, and 950 cover equipment man 
ufactured by the company for fluid 
flow measurement.—Simplex Valve & 


Meter Co 


134K 

Flow Tubes—The Gentile Flow 
used for metering water, air, slurry, raw 
sludge, paper stock, etc. Ad- 
vantages of the flow tube are given, 
along with a performance table, head 
loss and differential charts. Photographs 
installations and cut-away 
included.—Foster Engi 


lube, 


secCwaRrt 


of actual 
drawings are 
neering Co 


135k 

Fluoride Feeders 
scribes the Omega 
curate continuous volumetri 
Omega 


This bulletin de 
Fluoridizer for ac 
feeding of 
fluoride compounds Machine 
Co 


136R 

Gard Distributor—The Gard distributor 
for trickling filters is a nonseal, gravity 
actuated, rotary distributor that offers a 
number of major improvements which 
result in a more rugged, less sensitive 
and easier to maintain rotary distributor 
Filter Co 


General 


137R 

Gas Safety Equipment—This bulletin 
provides capacity curves along with de 
tailed drawings of a complete line of gas 
safety equipment designed expressly for 
sludge gas. The bulletin also pic 
number of typical installations 
standard layout of a 
system.—Pacific 


secware 
tures a 
and provides a 
digester gas piping 
Flush Tank Co 


138k 
Gate Valves—This 36-page bulletin il 
lustrates and describes AWWA gate 
high and low pressure valves, as 
miscellaneous waterworks appurtenances 
Ludlow Valve Manufacturing Co., Inc 


1 
Vaives, 


139K 

Gate Valve, AWWA—This 
lustrates and describes list 13A, 
l well as 


valve as 
valves.—Ludlow 


bulletin il 


AWWA 
high 
Valve 


Rensselaer gate 
ind low pressure 


Mig. Co. Inc 


140R 

This booklet has specifica- 
tions of gasoline-enginé-driven AC gen 
ilong with descriptions of 
full line of carryable con 
Homelite, Div. of 


erators 
Homelite’s 
struction equipment 
Textron In 


141k 


Gratings—Booklet discusses in detail the 
construction, design and load capacity 
of corrosion resistant aluminum grat 
Also contains information on alum 
stair and ladd Wash 


ler treads 
Aluminum Co 


ings 
inum 
ington 


142R 
Gratings, Drainage—This literatures 
many sizes, types and thicknesses in 
tabular form to help make 
Irom numerous patterns 


Foundry & Machine Works 


lists 


a selection 


Clarksville 
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145 155 167R 
Grinders t ta on grinders Hypochlorination—This booklet dis- Iron Removal—A sixteen page book 
10! Ing give n this isses various chlorination practices witl let describing various methods of Iron 
covers sludge collectors HTH in granular and tablet form. Eight Removal together with limitations, ad 
rey Mig. Co é ertaining to yrination are in vantages and dis advantages of various 
I strial Chemicals Div., Olin methods.—General Filter Co 












+? \iatnieso! mica 


168R 


Jointing Compound—A complete data 





Grit Collectors 








x i Oa »f 
, book 1 Hydro-Tite, the self-caulking 
t : ( oO! yare ite, 1¢€ i aul 4 
Hypochlorinator—A_ bullet lescribing —— ' . 
Belt ¢ H v Duty Midget Chlor-O-Feeder jointing compound tor cast iron water 
get Peerks.,. holt ry] ‘ ++ mains.—Hydraulic Development Corp 
is an all purpose, positive displacement, 
’ ry) nieme ; flrad enclh } 
rar suTNp I Has 1cT as ny . 
j 3 llet ah] > H rt ‘ . = : 169K 
Grit Removal i illetin and tec rite, pH « ectives, and abrasive : 
t de et grit rrie | midget | 05 to 9 Joint Cut-In Valves—Specifications, in- 
vasl t ra ‘ ressur p» to 85 pisg stallation illustrations and explanatory 
~~ « ‘ * x > ‘ c i}? i 
( ila for rit t er text are included in this bulletin on 
gul: g ’ 


mechanical joint cut-in valves and 






P Mfg Lo 


Smith 





sleeves 











hi] ] y — 
P bulletin 170K 

es es a atratea the C-E. incia Sli B , : 

’ rator stoker for the ncineration of Joints, ip srochure on Crispin sup 
t cel I : joints describing safe. fast 3 

Gunite t. g klet trate wnicipal refu ( sustion En ween CSCHIDING Sale, ta way to re 
: , 1 move and replace fixtures when repair 
. = ing lines, etc Multiplex Manufacturing 









Lo 







aie 





Incinerators— Bulletin 111C gives ym 171K 
te information on IMm¢ unically stoked Laboratory Instruments—Bulletins on 




















Sees Bact neinerators tor mut! val ust Morse Beckman Zeromatic and pocket pH 
= ee = ; t ger Vestructor meters, etc., and other laboratory in 
tenets struments such as: UV-Visible and in 
sa 159 trared spectrophotometers, and gas 
( . . : 
Rillet 12? , t ! chro tograpnhs scientifi istrt *nts 
Incinerators—Bulletin 182 esents iromatograp cientific Instrumen 
newetre tae inate il and industrial Div., Beckman Instruments, Inc 
j _ — vast Morse-Boulger Destructor Co - 
Heat Exchanger —| t 281 the 172R 
never x le . ee . 
: Puan 60/ Lime Slakers—Bulletin 40-E1B covers 
W r con . RR toga oe 
ratures Industrial Waste Treatment—Bulletin equipment for lime slaking at 175 to 
\WC-116 discusses Graver’s facilities to 10,000 Ib. per hour with thermostatic 
indle industrial waste treatment prob water control and vapor removal de 
‘ er Water Conditioning Co vices.—Omega Machine Co 
Heat Exchangers—A 28-pag illet 173R 
xplanat eS enece , iw T Industrial Liquid Feeders, Rotodip—Bulletin 65 
trol at striz idustrial > " 
é im = Industria este srestmem— nde 1.-,  H12B on a volumetric feeder for liquids, 
S ge Heater hicken¢ - Se eee » aie including actds, alkalies, or slurries at 
ng Washer water Clarilica — Walker rates trom 0 to 1800 gallons per hour 
‘ . nal nn! tione re leccribed “Tf ’ . = 
: . gers nt A ul som with repeatable accuracy within +1% 
- vi Omega Machine ( 








174R 







Instruments, Filter Plant—bBulletins Maintenance of V-Belts—This bulletin 
Heat Transfer s br re g : 1001, 1002, and 1100 strate and de contains simple precautions to be ex 
n Chicago-Sela eat e filter plant gauges art summator ercised to prolong the life of V-belts, 
I su rior sludge pt nt Simplex Valve & Meter Co to increase drive etficiency and thereby 
( iy Pur ( assure full contiguous production 







\llis-Chalmers Mfg. Co 



















: : Instruments, Flow Measurement—Gen Po 
Hi-Cone Sludge System—Catalog 6660 era ita 005 presents equipment on 175K 
ting and performance data meters and gauges for flow measure Manhole Rings & Covers—This lit 
tem. Complete spe pane Simplex Valve & Meter Co erature describes and illustrates nu 
A ns are als merous sizes and types for heavy, light. 
Reothere ( 164 or pedestrian traffi Top or bottom 
flanges; cast iron steps.—Clarksville 
Va Sine in Foundry & Machine Works 








176R 




















re rs. It als em eae & Pest = ihe wl Mechanical Joint—This bulletin illus 
P , fication trates and describes the Clow mechan- 
fnae ; ical joint cast iron pipe.—James B. Clow 
) & Sons, Ine 
Instrumentation—A 16-page booklet 

Hydrants and Valves—A general bu vering Foxboro netruments manula I77R 
‘ ymplete line of hy tured for water and sewage works ap- Mechanical Jointed Clay Pipe—A 4 
Darling Valve & plications.—Foxboro page folder describes the new AMVIT 
jointed vitrified clay pipe, sizes 4 
16 through 24 inches as a true “built-in” 
| Insulation—Bulletin D-40 gives com mechanical joint ready for immediate, 
Hydrofluosilicic Acid—A 1 lete ata on NoDrip tape, a cork-filled quick and easy installation. The joint 
id and it’s uses for vater resistant pip ering that pre- is furnished on all standard fittings, as 
aes nine Inter ents sweating’ r condensation on well as pipe, permitting a bottle tight 
& Che ) Caen . tn 1! W. Mortell Co line American Vitrified Products Co 
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178K 
Mechanical Joint Repair Sleeves—This 
bulletin describes mechanical joint re 
pair sleeves for 
cement 


Eddy 


repairing cast iron and 


asbestos water main breaks 


Valve Co 


179R 
Membrane Filter—Color illustrated 
booklet details the field and aboratory 
methods of bacteriological water an 
alysis recently approved by the U.S.P 
H.S Mil Filter Corp 


1 
pore 


180R 


Meter Boxes— Lit¢ ure 
many sizes and 


llustrates and 
types of cast 
iron meter 
1 covers for oO y or 


describes 
iron meter 
box rims an 
settings.—Clarksvill« und & 


chine W orks 


boxes. al d cast 


1I81R 
Meter Repair 1 ymplete, well il 
lustrated 16-page I water 
meter shop tells ho to l a re 
test pI ) m, how to lay out 
an t D é in 
eaten 


182k 


Meter Setting and Testing—Catalog 56 
yntain mplete listing of water meter 
uipment along 
ntormatio meter setting 
practice under 
Ford Meter Box 


183K 
Meters, 


describes 


Bulletin C-5200 

entire line of 
meters, both large and small 
Rockwell Manufacturing Co 


Sewage Gas 
the company’s 
SCware gas 


capacities 


184R 
Meter Testing, Water 


equipment tor 


\ 40 page book 
testing 


meter 


methods and 
rs, including information on 

ut, meter pertormance and a 
on meter m 


ox Co., Inc 


iintenance 


ISSK 
Water—Catalog gives f de 
American disc type water me 


ters, both bottom and 


Meters, 
tails of 
solid casing 


Buffalo 


trost 
types s1z7eSs 4 to 6 inches 


Meter Lo 


186K 


Meters, Water—This catalog gives de 
tails and specifications of Trident me 
ters from 5¢ to 16” in size. Frost-proof 
and split-c: household 

Pip - 

tvle 3 m rs for intermediate flows. 
and larger compound, and Pro- 


ectus tire service meters are also cov 


ered Ney une Meter ( ) 


meters tor use, 


crest 


I87R 

Meters, 
ler type 
other free 
are described in 


Machine Co 


Water— Direct reading propel 
units tor metering water and 
flowing, non-corrosive liquids 
this bulletin —Omega 


188R 

Meters, Water—This bulletin describes 
and illustrates Rockwell’s complete line 
of water meters for and industry, 
including oscillating piston type, cur 
rent meters and compound meters 


Rockwell Manufacturing Co, 


home 


189K 
Microstraining 
test results and 
removal of algae 
from water and from secondary 
Glenfield 


[his folder 
and suspended matter 
sewage 


effluents 


190A 

Mixflo Pumps—A 

nixflo pumps for 

sewage disposal, condenser circulating 

and low head water supply. Perform 
urves and drawings are als 


1 Wi Corp 


bulletin on 
drainage 


16-page 
irrigation, 


rthington 


191k 

Modern Sewage Treatment 
page bulletin describes the 
ing characteristics, types, sizes, applica 
tions and operation of major Dorr- 
Oliver sewage treatment equipment and 
presents a number of typical plant flow 
sheets Also cluded are photographs 
ind line and wash drawings of various 
units.—Dorr-Oliver Inc. 


This 12 
distinguish 


192R 

Monorake—This 12-page bulletin pre 
sents the Dorrco Monorake. It de 
scribes the design, types and sizes, op- 
eration and advantages of this mechan 
ism for cleaning rectangular sedimenta 
tion basins and tabulates actual mai 
from a number of in- 
Dorr-Oliver Inc. 


costs 


tenance 
stallations 
193R 
Motors—Construction features of large 
end-shield bearing synchronous motors 
are described in this bulletin. Allis. 
Chalmers Mfg. Co 


194} 

Motors lhe 
syncl ac hine 

provides dependable consta : 
operation and low first 
applications requit 
described ir 


Mfg. Co 


“Synduction” mot 
ronous induction n 


simplicity of 
Oost in a variety ot 
ing 40 hp and below is 
his bulletir Allis-Chalmers 


195 PR? 


Municipal Castings 


nanhole 


Booklet showing 
rings and cov coal hole 
d covers, manhole steps. catch 
: ; 
voxes, drain pipe, and 
grates, with or with 
arksvi Foundry Ww 


rings al 
Nasins iive 
drainage or inlet 
out Irames 


( 
Machine Works 
196R 


nn Water Conditioning This 
genera I 


tvpes of 


ulletin discusses the various 
equipment available from the 
company to handle municipal water 
problems.—Graver Water Conditioning 
Co 

197K 


Ovaloid Storage Tanks—A_ brochure 
“Cole Ovaloid Tanks” gives photo- 
and table of capacities, size and 
foundation space of full self 
bottom tanks with low head 
Cole Manufacturing Co 


graphs 
necessary 
supporting 
range R D 
198R 
Peri-Filter System—A bulletin on the 
Dorrco Aldrich Peri-Filter System com 
prised Dorr-Oliver pre-treatment 
unit an annular rapid sand filter 
combined in a single unit 
advantages for either municipal or in 
dustrial users are dis¢ Dorr 
Oliver Inc 


Fe onomic 


ussed 


presents 


operating data on the 


& Kennedy, Inc. 


199k 
pH and Chlorine Control—This hand 


ok gives theory and applications of 
ial chlorine control and describes 
complete line of Taylor comparators 
analysis.—W. A 


water and sewage 


lor & Co 


200K 


pii Control—This 
ise of PH-Plus (%-lb 


bulletin discusses the 
cakes of fused 
urbonate) in pH control of 
swimming water and in general 
ndustrial water treatment. Covered in 
letail are various types o! feeding equip 
ment in which these slow-dissolving 
cakes of fused alkali will provide pos 
itive and economical alkalinity control 

Industrial Chemicals Div. Olin Mat 
ieson Chemical Corp 


sodium 


pool 


J01R 
pH ng igeer A 
etins on portable pH 


series of three bul 


u 
meters and 12 
industrial pH meters pri 
information on the com 
Instruments 


yulletins on 
vide complete 
pany’s meters.—Beckmar 


Pipe Coatings—A 4(-page booklet with 
pictures that describes the 
present use of pipe coatings.—K¢ 


Co. Ih 


history an¢ 
»ppe rs 


203} 

Pipe Cutter \ catalog sheet giving de 
tails on Models 6 and 12 pipe cutters 
cast iron, Duriron, vitreous 


or cutting 
pipe | it sewer tile 
] 


lay water | 
\ parts and price 1 : included 


Spring Load Manufacturing Corp 


204K 
— Cutting & Jointing tous \ cat 
yee ee information on 
Machining and Taper 
I Bo stos ceme t pipe 
usses machining pipe ends 
couplings; simplex cou 


; 


Ring lite 
l tapered 


poured tlange assembly; 
making closures; and end 


ig Load Manufacturing 


Pipe Tools—Catalog 39 discuss 


utters, pipe { 
‘ ' 
cessory parts I 1s & 


plugs 


Ford Mfg 


lamps and 


206R 

Pipe Laying & Jointing Tools & Equip- 
ment—A complete general catalog 
showing the line of equipment for wa 
Josep! G 


sewer and gas lines 


o.. Ine 


\ brochure describing 
the new automation method of etched 
or ‘printed’ circuitry now employed in 
the Wilkinson Line Locator. Also, in 
cluded is a new type 
antennas ar I 


Pipe Locators 


description of 
selec tive 
a terial used 


Wilkinsor Prod 


208K 

Pipe Locator 

pipe if d leak 

Measurements ( 

DATA— 
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Plastic Coatings 


Pneumatic Operated Control 


Pneumatic Transmitter 


Pool Sanitation 


Media 


Porous 


Pressure Filters 
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Prestressed Concrete 


Proportioning P 


Jat, 
) 


Prote 


+ 


Pump 


t 


\\ pl 


ito! 


ump 


ctive Coating— | 
s An t # 


eT i 


< 


Controllers 


2 | all i 


» dis 
gle and double 
i apac 
Bulletin 
suction 
rf 1,000 
350 feet 
capac 
ads to 
1501 


| bulletin de 
np con 

rent applica 
mtrollers are 


ear water 


Pumps, Deep Well Vertical Turbine 


Pumps, 
KSP 


Diaphragm 


wes i cross 
urbine 

Both the 
letins 


Slurry—B tin 


Komline-Sander 


uumping action, 
ng characteris 


ngineering 


227k 
Pumps, Freflo—A 12 page bulletin cov 
horizontal and vertical Freflo 
pumps for handling sewage and indus 
trial wastes. It contains rating curves 
for 18 pump models. Also included are 
charts for selection of shafting for use 
with vertical pumps. Complete dimen 
sion data are given for all pump models 
Worthington Corp 


ering 


IK 


Pump, Sanitation, Solids—This bul 
letin describes the Wemco Torque flow 

typical 
Included 
general specifications 


Western Machinery 


solids pump and presents three 
sanitation transfer problems 

are tabulations of 
for each service 


Lo 


20 
Pumps, Sewage and Sludge—The com 
pany h a series of bulletins giving 
dat lesign features, and specification 


inf ion on sewage and sludge 


230K 

Pump, Solids This bulletin ngs up 

to-date dimensions and aci infor 
Flow 

graphs 


Illustrate the 


mation on the Weme 
lids pump. A cutaw: 
ind diagrammatic skete 
new pumping principle w eliminates 


clogging Western Machinery Co 


231R 
Pumps, Submersible—A 12-page bulle 
tin describes the line of B] Submersibles 


ind lists their advantages. Safety fea 


tures, special applicatior specifications 
ind selection chart are included. A lis 
of typical municipal and industrial uses 
ire given along with a list of the sales 


Byron Jacksor 


service ottices 


232R 

Rate Controllers—Bulletins 600-G6A 
and 600-I9A on filter effluent or back 
wash rate controllers Builders-Provi 
dence, In 


233R 

Rate Recorder, Water Meters—This 4 
bulletin describes the Meter-Master 
“G-man” of the water works and 
offered. The 
hows how the unit can be at 
any meter, single or com 
pound, and describes how on a com 
pound installation it simultaneously 
records both sid of the meter on a 

Brainard Co 


several advantages 


single chart 


234R 

Recarbonation— Bulletins 1300 and 1310 
outline the story of recarbonation and 
its use in stabilizing lime-softened wa 
ters Infilco Incorporated 


235R 

Receiver-Recorder 
E12-5 and G91-9 covers the receiver re 
corder for pneumatic and electronic 
telemetering systems. This unit contin 


uously records as many as four vari 


Specification sheets 


Designed for 
plug-in receivers and controllers. Pneu 
matic connecting lines use Armortub¢ 
Flexible, Prot umatic Cable 


Bailey Meter 


ables in any combination 
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230k 1 mechanical float and electric float 256 
Regulators, Sewage Gas—This bulletin switch, a mechanical tloat and pneumat Sewer Pipe, Asbestos Cement— Ai 


presents data on Rockwell’s complete ically controlled air valves, or electrode page, 2-color folder featuring Tran 
line of sewage gas regulators, with inlet controls. Performance charts, photo asbestos-cement sewer pipe, lists it 
pressures above and below 5 psi graphs and installation diagrams ar advantages, and how it, with the Ring 
Rockwell Manufacturing Co also included Blackburn-Smith Mig it oupling makes possible tight sewer 
( I systems at lo l on costs 
237R Johns- Manville 
ptt 47h 
—— Type Fire Hydrants—This bulletin <"’ on <7 h 
illustrates and describes the line of fire Sewage Jointing—Jhree tolders discu - 
ydrants and gate valves with Ring-tite and illustrate how unusual joi aling Sewer Pipe, Clay—Catalog SI 
onnecting joints made by the company problems were solved at different | n plete summary of shapes i 
\. P. Smith Mfg. Co tions including 25-mile, mile and 92 f sewer pipe and supplement 
mile sewer project ‘ tite-Kevstons lz products Natco Corp 


yineeril 


238R Eng 
Rotar Sludge Dr ers his 4-page bul 
letin Ys u an y* ustrate i Se as 4 248k Single Stage Centrifugal Pumps 
in discusses an strates t Stand ; , PT eT liscusses t cing 
ard Hersey drying system for odor free Sewage Lift Stations—A 100-page Engi +-page illetin discuss¢ he sing] 
sewage-slud Irying Keyed photo neering Data Manual on factory-built volute pumps tor wate! works, 
features sewage lif ation mtains desigi ! 
notes, lection hat drawi! 
specifi I 


4500 


249k 
Sewage Treatment— Bulletin 6041, Dor 
Oliver KE quipmen 1d Methods for 
Moder Sewagkt atme! escribes 
yriefly major com rents of Dorr-Oliver 
“ equi mie nt av bl 
Samplers quiy 


lescribes 


complete 


(jliver it 


S)/ ‘ ( ribes new 
Sh t 
241/ S r ; ; trolled pow methods 
S ewage Treatment 64-page catalog ,..;, pasos "hil 
Samplers hi lletin g complet BS ‘ef i a rib lain wers. Mobil 
thor ae me overing jetirey equip eu anic: é an’ ak sewers 
a sioaeter > ag n sewage, W t : 


nitorma 
eratior 
| is protusel 
sampler 


1@Wws al 


vy Mig. ¢ 


(Ac tivated) Feeder 
" iit 


i l 


Sewage Treatment ot 1] 60.110 gives descripti 


ins gives detailec nt mati perating 


Sc creening Equipment hi hnical ‘uipm to perform 
ulletin describes mec call ane¢ wag atment 
screen and grind designed tor removal creens 
l | stribut slud 
W ilker 


- Silica Activator and Feeder 
e4Sk Sewage And Waste Treatment 63-M1 describ uipment desigt 
techn squymen ,00kl 2587 yvrochure describes in detail ( hics t , NOU ctiwas 


Strat liscusses 1 felt’s lin Pitets tetadnanall ym Sew 


process f small tlow re 


> 


; a/? ~ and Waste Treatment 
244k oO 300 1s t 


Self- wets Pumps Ider 509 pre 
omplete ptions and specific 


“eo 


a general 


pine 
ragm 
Sewer Cleaning 


escribes the 


1 


245k Sew ¢ R rl R tor cles 

Sewage Ejector eries of engineet 3,000 or 4,000 feet per , . 

ing tables provid implified method | crew It describes how to rem Sludge agg 
. aslectinn clan mal ileon” and, gravel, mud and ro from main s Rex cor 

sewage eject <xamp! given for sewers with a 3-man -_ — 
termining tl itlo discharge heads 

ind type of ‘ ou hicago 

Pump ( : 

Sewer Linings, Plastic 

describes T-Lock Amer a con 

tinuous plastic sewer linin » prevent Sludge Digestion— Bull 

Sewage Ejector System, Pneumatic iydrogen sulfide corrosion t shows : é Dorreo Dens! 


246/ 


. : : 
12 page 2 ) t ) 0k] et desct ibes the ‘ ti | shaped rips 
1 , ‘ , 

Blackbur mi neumatic Sewage into t pipe when 


Ejector 
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200K 

Sludge Digestion—Bulletin 6591 presents 
Dorr typ MA digester which in 

digestion, high 

storage in a 


the } 
rat single stage 
apacitv ixingg al l gas 


dorr-Oliver Inc 


” 
Sludge Digestion—Bulletin 35-D de 
scribes applied to sewage sludge 
ompany, 


ester 


Hardinge ( 


ir tank 


‘ orate 
Sludge Digestion—In addition to bulle 
til 332 ar 235 on floating covers and 
’ exchangers, P.F | has 
availa tins 236 and 137 covering 
ating er position indicators and 
waug i Pacific Flus Tank Co 
Sludge Digestion Tanks—bBulletin on 
+ t prestressed colfcrete in the con 
ige ligestion tanks 

, ( ; 

Bulle 


Sludge Drying and Incineration 
ti vers the C-lI Raymond 
ige Drying and Incinera 
problem of 
heat 


eT) 
S + Cc 
etly outines tne 

} 


va posal and shows why 


regarded 
mn. Digrams and pho 
ulso included Combus 


neration aré 


Sludge Removal—Bulletin 253B de 
t American” positive flight con 
rcular larifiers, and sludge 
es American Well Works 
Sludge Removal—Rex Unitube Tow- 
Bro t re! al of light, tricky sludges 
er n this bulletin. New, im 

i esigt s introduced 


_ 


Softener and Clarifier—-The Reactiva 


1 1 hig rate old process softener 
ind clarifier. Cut-away “how-it-works,” 
rawing s also included Graver Wa 
coe ¢ ning ¢ 
274 
Spherical Storage Tanks—A Brochure 
( Spherical Tanks on Tubular 

}? otographs ot installations, 

" acities and sizes, of spherical 
t¢ t k Tf tubular towers R D 
( Afar facturing Co 


Spiragesters—Two bulletins describe the 
Spl ester which is a ¢ in 
/ 


arifier ligester with no moving 

art t for one small pump which 

rate ce each hour for about fiv« 
akeside Engineering Corp 


Square Bottom Valve—This bulletin 


g te lescriptive intormation 
laer square bottom valve 
Valve Mfg. Co., In 
a ' 
vulletin d 


Squirrel-Cage Motors——T his e 
ribe the ympany’s large two-pole 
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squirrel-cage induction motors, 900 hp 
and larger, designed to meet require 
ments of today’s high speed drives 
Allis-Chalmers Mfg. Co 

278R 

Standard Sewage Siphons—This bulle- 
tin describes the P.F.T. standard sew- 
age siphon for small disposal plants for 
use with small sand filters, sub-surface 


tile fields and either septic tanks or small 
Imhoff tanks. Standard dimensions and 
included. 


capacity of siphons are 

Pacific Flush Tank Co 

279R 

Steam Cleaner—Booklet discusses the 
Hypressure Jenny steam cleaner for 


bar screens, 


Home 


cleaning and deodorizing 
grit and scum loading pits, et« 


stead Valve Mfg Lo 


280R 


Steel and Alloy Structures—This 4-page 


folder outlines briefly the many services 
to industry provided by Graver-built 
steel and alloy structures, both smaller 


shop-built vessels and large field-erected 
Graver Tank & Mfg. Co., 


nstallations 


281R 

Steel Pipe—A booklets 
llustrates and discusses the applications 
pipe as a 14-ft. 8-in. diameter 
flow line, 42-in. diameter 
water supply, a 72-in 
fabrication of a 96-in 
Bethle 


series Of foul 


! 
I< steel 


welded steel 
tar-enameled for 
rce main and the 
steel pipe and its installatior 
t i ft é i its nstatiation 


hem Stee Lo 


222K 

Steel Pipe Booklet 402 describes the 
construction of a 72-inch Ramapo force 
main for the North Jersey Water Com- 
Booklet 408 covers the con- 
struction of a 37,000-ft. Northwest 
pumping main at Reading Pa. The 
Welded Steel Pipe booklet describes the 
pipe and its 


mission 


fabrication of a 96-inch steel 


installation at Sparrows Point, Md.— 
Bethlehem Steel Co 

283R 

Steel Reservoirs and Standpipes—<A 24- 


page booklet on Horton Steel Reservoirs 
ind Standpipes. Illustrations show in- 
stallations from 50,000 to 10,000,000 gal. 
ipacity with cone, umbrella, or el- 
lipsoidal roofs and ornamental struc- 
tures with special architectural features 
\lso included are: table of standard ca- 
pacities, information on foundations, ad- 
vantage of pickling and painting, and 
lata on the use of suction tank for fire 
protection.—Chicago Bridge & Iron Co 
IR4AK 
Steel Reservoirs and Standpipes—aA bro- 
chure on flat bottom water storage that 
discusses the steel tanks with 
owing Various root types, 
rnamental structural features, and vari- 
ous sizes. A list of standard reservoir 


uses oft 


photos sh 


limensions is also included.—Pittsburgh- 
Des Moines Stee! Lo 
285R 


Storage .Tanks—This 20-page booklet 


covers the many uses of standard stor- 
age tanks. Cone roof tanks serving as 
storage units at innumerable industrial 


ind municipal installations are shown 
Graver Tank & Mfg. Co., Ine. 





280R 

Supervisory Control—Bulletin AA-2 de- 
scribes some of the applications of 
supervisory control for plant operations, 
provides illustrations of the various 
equipment used and gives a brief de- 
scription of the method of operation for 
this automatic and remote control unit. 

Control Corp. 


287R 

Supervisory and Remote Control—Bul- 
letin 240-M6 describes unlimited number 
of control or advisory functions from 
central control panel over widely spread 
system using sequencing transmission 
system, Other bulletins describe Chrono 
flo telemetering, “Synchro-Scan” pneu- 
matic and electrical transmission and 
control of level pressure, pumps, etc 
Builders Providence, Inc 


288R 

Surge and Hammer Control—Bulletin 
200 illustrates and describes the com- 
pany’s Controlled Closing air valve that 
was designed for the protection of pipe 
lines against surge built-up pressures or 
water hammer.—Simplex Valve & Meter 
Co 


289R 

Surge & Water Hammer Control—A 28 
page booklet describing construction and 
operation of Crispin valves available for 
control of air problems in 


automatic 
operations.—Multiplex Manu 


pipe line 
facturing Co 


290R 

Swimming Pool Equipment—The bulle- 
tin describes various types of purifica 
tion and recirculation equipment. Details 
of equipment design, pool sizes and gen- 
tables for equipment and 


eral sizing t 
Graver Water Con- 


pools are included 
ditioning Co 


291R 

Swimming Pool Chemicals 
log gives complete data, prices, descrip- 
tions and usage of chemicals for water 
treatment of swimming pools, lakes and 
Modern Swimming Pool 


[his cata- 


reservoirs 
Co., Inc 


292R 

Swimming Pool Equipment—This 52- 
page catalog, profusely illustrated, con- 
tains data, photographs and prices of 
every item needed to build a new pool, 


or to equip and maintain an existing 
pool Modern Swimming Pool Co., Inc 
293R 


Swing-Type Check Valves—This bul- 
letin illustrates and describes the Rens- 
selaer swing type check valves and the 
check valve.— 


lear way, quiet closing 

Ludlow Valve Mfg. Co., Inc 

294R 

Tapping Machines—The S-54 tapping 
drilling machine, in size range 2 to 12 
inches inclusive are illustrated and de- 
scribed in this bulletin 4. P. Smith 
Mfg. Co 

295R 


Tapping Sleeves—This bulletin describes 
and illustrates the complete line of me- 
chanical joint tapping sleeves and valves 
manufactured by the company. A. P., 
Smith Mfg. Co 
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290k 
Tapping Sleeves—Bulletin D illustrates 
und describes Rensselaer tapping sleeves 
and valve—Ludlow Valve Mig. Co., 
Inc 


297R 

Tapping Valves & Sleeves 
tin illustrates and describes 
ping valves and sleeves, 
sleeves for water mains 

( 0 


This bulle- 
lowa tap- 
and repair 
Iowa Valve 


298R 

Tapping Valves & Sleeves Under Pres- 
sure—This bulletin describes the Eddy 
tapping valves and sleeves, for tapping 
water mains under pressure.—Eddy 
Valve Co 


299R 

Taste and Odor Control—This booklet 
describes the use of Aqua Nuchar ac- 
tivated carbon in water purification.— 
West Virginia Pulp & Paper Co 


300R 

Telemetering— Bulletins on tone signal- 
ing equipment and remote control 
equipment for plant operations—Ham- 
marlund Mfg. Co., Inc 


301K 

Telemetering— Transmission and recep- 
tion of data on flow, liquid level, pres- 
sure, temperature, et from any dis- 
tance over a two-wire circuit is 
shown in this Builders-Provi- 
dence, Inc 


single 


hard] n 
Dpullietin 


302R 

Thickeners—Bulletin 31-E describes the 
“Auto-Raise” thickener mechanism for 
both small and large heavy duty settling 
tank operations, and waste treatment 
applications of the rectangular type 
clarifier—Haringe Company, Incorpo 
rated 


303R 

T-Lock Amer-Plate—This brochure de- 
scribes T-Lock Amer-Plate, a continuous 
plastic sewer lining. “T-Lock” refers to 
the T-shaped ribs which project from 
the back of the sheet and lock the sheet 
into the pipe or structure when the con- 
crete is cast.—Amercoat Corporation 


304R 

Trash Racks 
the Leonard Trash Rack 
dimensions, specifications, 
arrangements.—S 


Bulletin No. 158 describes 
Rakes with 
and_ typical 
Morgan Smith Co 


305R 

Trenchers and Backfillers—A 2-color 
booklet describing the features and list- 
ing specifications of the models 92 and 
95 “Baby Diggers,” the models 110, 140, 
240, and 320 standard trenchers, and 
models 80W and 190 backfillers. Pho 
tographs of each piec e of equipment are 
shown along with illustrations of the 
equipment in operation Cleveland 
Trencher Co 


306R 


Trenching & Construction Equipment 

rhirteen bulletins on tractors, crawlers, 
trenchers and loaders for installation of 
water mains or sewers.—Oliver Corp. 


307R 

Trickling Filter Distributor—This tech- 
nical bulletin describes reaction and posi- 
tive drive types, equipped with patented 
dual oil seal which will withstand at 
least 10° of water pressure.—American 


Well Works 


308R 
Trickling Filter Distributor—This bul 
letin describes the Dorrco Distributor, 
a self-propelled rotary unit for low and 
high rate trickling filters Dorr-Oliver 
Inc 


309R 

Trickling Filter Distributor his bul- 
letin describes the “Sy-No-Seal” reaction 
type rotary distributor which contains 
no seal between the stationary center 
colunm and the rotating distribution 
arms.—Smith & Loveless, Inc 


310R 

Trickling Filters Distributor—Bulletin 
313A covers spreader jets for rotary dis- 
tributors tor tri filters Vacitic 
Flush Tank Co 


ling 


311R 

Tyton Joint Pipe 
the U. S. centrifugally 
joint” pipe for water and sewage. This 
new joint pipe is simple, sturdy and 
tight ‘Illustrations show details of joint 
and method of assembly U. S. Pipe & 
Foundry Co 


This booklet presents 
cast “Tyton 


312R 

Upflow Clarifier 
scribes clariflow 
clarification unit for 
and rectangular tanks 
Equip. Inc 


Bulletin 6W46 de- 
unit, a vertical rise 
circular, square 


Walker 


Proc ess 


313R 

Upflow Coagulation Unit—This bulletin 
describes the operation, advantages and 
design features of the Permutit Precipi- 
tator and contains flow diagrams, 1n- 
stallation photos and_ specifications 
The Permutit Co 


314R 


Vacuum Filter—Latest information on 
the Coilfilter, a vacuum filter which fea 
tures non-clogging permanent filter 
media to obtain constant output, low 
operating cost, and simplified operation, 
Standard equipment are listed 

Komline-Sanderson Engineering Corp 


sizes of 


135R 

Valves—A folder discussing bronze and 
iron valves, gate, globe, angle, check 
and meter valves, sluice gates, pivot 
valves and motor unit.—Chapman Valve 
Manufacturing Co 


316R 

Valves, Air 4 28 page catalog offering 
complete information on the many types 
of Crispin air valves —Multiplex Manu 
facturing Co 


217R 

Valves, Altitude and Level 
W-4-A describes altitude valves and 
modifications of water level control 
valves.—Golden-Anderson Valve Spe 
cialty Co 


Bulletin 


318K 

Valve Box Locator—This bulletin dis 
cusses and illustrates this small, rugged 
easy-to-use instrument, that operates 
without batteries, wires or switches, for 
locating water or gas valve boxes buried 
under earth, blacktop, ice or snow 
Aqua Survey & Instrument Co 


319K 

Valves, Butterfly—This bulletin covers a 
new series of butterfly valves designed 
primarily for municipal water supply or 
disposal systems.—Allis-Chalmers Mfg 
Lo 


320R 

Valves, Butterfly—Bulletin 650-L1B on 
tight-closing rubber seated butterfly 
valves built to AWWA specifications 
Builders-Providence, Inc 


321R 
Valves, Butterfly—A manual on rubber 
butterfly valves containing 
intormation including 
sizing, operator 
l design, etc 


seated com 


data on 
selection, theory 
Henry Pratt Co 


piete 


322R 

Valve, Butterfly—This brochure 
describes Leopold rubber seated butter 
tly valves. Complete details on the con 
struction teatures and valve assembly 
are included.—F. B. Leopold Co., Inc 


> 1 
2°-COIOT 


323 
Valves, Check—Bulletin 
trates and describes 
swing check valves 
Valve Specialty Co. 


#W-1  illus- 
cushioned type 
Golden-Anderson 


324K 


Valve Controls and Gear Drives—A 
folder illustrating and discussing vari 
ous gear motors and controls, including 
the LimiTorque valve controls. Cata 
logs numbers are given for complete in 
formation about each product.—Phila 


delphia Gear Works, In 
325R 


Valves, Diaphragm—Folder gives com 
plete information on the Grinnell-Saun 
ders strightway diaphragm valve 
nell Co. In 


Grin- 


326R 


Valves, Gate 
and hydraulic 
valves, in 


Manual, electric motor. 

cylinder operated gate 

; sizes 2 to 66 inches. are il 

lustrated and described in this bulletin 
\. P. Smith Mfg. Co 


327R 
Valves and Hydrants 
listing of a complete line of gate valves 


and hydrants with mechanical 
ends M & H Valve and 


Circular 49 is a 


joint 
Fittings Co 


328R 

Valves & Hydrants—Catalog 52 de 
scribes and illustrates complete line of 
gate valves, hydrants, pipe fittings, and 
accessories for construction of water 
works systems, sewage plants, filter 
plants and industrial uses—M & H 
Valve & Fittings Co 
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Well Screens—General information, 
specifications and typical installations of 
Johnson Well Also available 
sets of technical bulletins dealing 
with ground water problems such as 
corrosion and incrustation.—Edward E 
Johnson, Inc 


screens 
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Well Strainers—A 48-page catalog 
procedure for well strainer installation, 
slot well strainers, and contains intor- 
mation concerning the recommended 
procedure for well stainer installation, 
Cook Well Straimer Co 
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Well Water Systems—Bulletin 100 il- 
lustrates and discusses pumps, drilling, 
allied services and equipment available 
from the company Layne & Bowler, 
In 


352K 


Wound Rotor Motors—Construction 
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Wrought Iron Installations—This 30 
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process, 
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Zinc Silicate Coating—This bulletin dis- 
cusses and illustrated Dimecote #3, the 
100% inorganic zine silicate coating 
that provides near-permanent protection 
to steel exposed to severe conditions of 
rust, weathering and salt air, as well as 
tresh and salt water \mercoat Corp. 
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Eng 





ne-Generator 
D ese 


| Wilkinson Product 


3987 Chevy Chase 
Pasadena 3, Calif 
Pipe Locators 
Water Leak Locating 


John W ey & miele 
| 440 4th Ave 
New York 16, N. Y 


Books, Technica 


| 
| 
1R.D. Wood C 
Public Ledger Bldg 
| Philadelphia 5, Penna 
Fittings, Tees, Ells Fr 
Hydrants (F re 
Pipe, Cast Iron 
Pipe, Cement Lined 
Pipe Culvert 
Pipe Joints (Me 
Valve Boxes 
Valves, Gate 
Valves, Mechar 


Woodward iron C 
Woodward Alabama 
Pipe, Cast Iron 


Worthington Corp. 
Harrison & Worthington Aves. 
Harrison, N. J. 
Agitator 
| Comminuting Dey 
| Compressors, Air 
rete Breaker 
rete Mixer 


ne-Generator Unit 
ngines, Diese 
Engines, Dual Fue 
Engines (Gas & Gaso 
Engines, Sludge, Gas 


Deer 
Pumps Mydrau 
(Pressure Boost 
mops 


Vaives 
Variat 





Yeomans Bros. Co. 
1999 N. Ruby St. 
Melrose Park, Ill. 
Aeration Apparatus 
Clarifiers, Sewage & Wate 











ns, Sewage 
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CONSOLIDATED REFERENCE AND DATA INDEX 


1953 through 1957 


ssues 


\ ( 
\ at 


Activated Silica 
Wa er Plant 
dge 


Plant 
‘ 


Maint 


Activated Slu 


Desig 


Administrative Practices (See Also: Management) 
ntir und Cor 


tact Custo 


age 


Air Conditioning 


} ment, Water Use by 


Ww Equipment 


Air Diffuser Maintenance 


Air Flew in Pipes 


Algae Control 


Aligning Shafts 


Aikalinity 


Altitude Effect on Pumps 


Altitudes, Barometric Readings at, 


Altitude Valves 


Amperometric Titration 


Analytical Methods 


\ 

} ‘ Sulf 
Mem} ne Filt 
tar Mett 


Aqueduct Capacity 


Areas of Circles 


Areas, Volumes, Surface Calculations 


Atmospheric Pressures and Barometric Readings 


Authorities for Sewage Works 


Automatic Control of Fluoridation 


Automation 


B 


Balls. Rubber Beach, for Cleaning Sewers 


Barometric Pressure Readings 


Base Exchange 


Beam Loading 


Beams— I 


Beams— W ooden 


Bentonite Clay as Coagulant Aid 


Biochemical Oxygen Demand Calculation 


Block Tackle Chart 


and 


Blowing Out Service Lines 


Book Publishers 


Books and Reference Manuals 


Bulletins and Catalogs 


Butterfly Valves, 


Buying and Using Lime 


alculations of 
I cher 4 xvgen 


ths for 


Demand 


Inclined 


I € Leng 


Well 


Diagonal Runs 


algon for Rehabilitation 


Efficiency, Head, Horsepower Chart 


apacity, 


apacity Pipe 


apacity Tables & Charts 
P 


W.&S.W REFERENCE & DATA 


are listed with the respective keys (53), (54), 


Pipe, Copper and Brass, Pressure Drop 
Pipe Line 
Rectangular 
Sewer *ipe 


V-Notch Weirs 


Weirs 


‘arbon Dioxide, Recarbonation 
atalogs and Bulletins 

‘auses of Water Losses 
‘ement Lining of Mains 


entrifugal Pump 
Application 
Basic Factors 
Characteristics 


in Application 


General (°55) 
Inquiry 
Operation and 
Rating Curves 
Requirements 
Specific Speed 


Maintenance 


hannel 
Flow in 
Rectangular, 


Rate of Flow 


Characteristics of Chlorine 


Charges 
Fire 
Industrial 


Protection 
Wastes Rates 
‘harts 

Air Flow 
Block and 
Capacity, 
Efficiency, 
Expansion 
Feed Machines, Dry Chemical 
Flow in Concrete Pipe 
Friction in Valves and 
Head, Capacity, Efficiency, 
Horsepower, Head Capacity, 
Land Measure 

Loss of Head 

Lubrication Check Sheet 
Main Sterilization, 

Meters, Main Line Selection 
Offset, for 45° and 60° Screwed Fittings 
Orifice, Circular ( 
pH Zones 
Piles, Conical 
Pipe Bending 
Pipe Capacity 
Pipe, Copper and 
Pipe Flow 
Pumping 
Pumping Warm 
Rate of Flow in 
Rate of Flow in 
Sludge Density to Volume Ratio 
Sludge Digestion, Per Cent 
Water Cooling, Underground 
Weir Capacity, Rectangular 
Weir Capacity, V-Notch 


Pipes 
Tackle 
Efficiency, 
Horsepower, 


Horsepower, Head 


R- Head, Capacity 


4 
R-195 


56) 


Fittings 
Horsepower 


Efficiency 


R-204 Contents 


R-364 
R-351 
R-333 


R-13 


"b6) 


and Velocity 
Brass, Capacity 


yh) 
i and Pressure 
55) 
Costs 

Water 

Circular Sewer 
Rectangular Channel 


Chemical 
Cleaning of Wells 
Feeder Puzzlers 
Feed Table 
Handling 
Lime 
Solution 


R-81, 


(55) 
Handling 


Chemical Cleaning of Wells 


hemical Feeders, Selecting 


hemical Feeding 
Checking Chart 
Chlorine 
Feeders, 


for Dry 
Selecting 
General 
Lime 
Outline 
Puzzlers 


of 


Chemical Handling 


hlorination (See Also: Chlorine) 
Aqueduct 

Control 

Control Nomogram 

Dosage Control 
Leak Testing 
Pipe Line 
Sewage 

Wastes, Sewage 
Water, Notes on 
Wells 


i 
(63) R-197, (’ 
Industrial 


& 


Chiorine (See Also: Chlorination) 
Characteristics 

Container Truck 

Feeders 

Gas Masks 

Handling ( 
Leak Testing 

Packages 


‘b4) R-146, 


R-48, 


("54) 


Drop 


(56) 


55) 
56) 


54) 


(55) 


(56) 


R-55, 


r 
R-169, 


R-83, 


R-209, 
R-283, 


R-157 , 
R-39, 


R-273 
R-91 
R-362 
R-362 
R-254 
5) R-89 
) R-344 
) R-355 
R-362 
R-362 
R-336 
R-352 
R-313 
R-170-1 
R-62 
R-270 
9) 


*b4) 
(54) 
*b6) 
oo} 
65) 
"65 
"56) 
56) 


"66) 


R-206 
R-290 

R-71 
R-349 
R-350 


BS) 
(54) 
*B5) 


55) 


R-121 
R-91 
R-108 
R-71 
R-72 
R-173 
R-121 
R-84 


"56) 
("65) 
"b4) 
(67) 
(67) 
64) 
"b6) 


("56) 


R-204 
R-213 
R-278 
R-164 
R-239 
R-116 
R-291 
R-197 
R-208 
R-115 


66) 
67) 
"bB) 
54) 
67) 
"b5) 
67) 
53) 
BS) 


oi) 


R-210 
R-196 
R-205 

R-43 

R-43 
R-239 
R-197 


"B5) 
56) 
67) 
(56) 
("56) 
('57) 
('56) 
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